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ABSTRACT 
Impact of sulphur dioxide and fly ash on growth and productivity of 
rapeseed and sunflower and on Alternaria blight of rapeseed 
SHAZIA SIDDIQUI 
Abstract of the thesis, submitted to the Department of Botany, 
Aligarh Muslim University, Aligarh, India, for the degree of Doctor of 
Philosophy in Botany, 2001. 
Six experiments were conducted with an aim to elucidate the 
effect of SO2 and fly ash on growth and productivity of rapeseed and 
sunflower and on Alternaria blight of rape seed. 
The salient features of the observations, recorded in each of the 
six experiments, are summarised below : 
Section I 
It covers the experiments on the impact of SOj and fly ash on 
growth and productivity of rapeseed and their effect on Alternaria blight 
caused by Alternaria brassicicola. 
Experiment 1 
In this experiment, the plants of three cultivars (T-7, TL-85 and 
TH-68) of Brassica campestris were exposed to three graded 
concentrations (142.85, 285.71 and 571.43 jig m'^ ) of SOj in the presence 
or absence of Alternaria brassicicola. It was observed that SOj 
significantly decreased chlorophyll, nitrogen, phosphorus, potassium and 
all the growth characteristics (length, fresh and dry weight) both of the 
shoot and the root and seed yield, at harvest. The rate of loss is directly 
proportional to the SOj concentration. The plants infected with A. 
brassicicola were affected most by SOj. However, the cultivar TL-85 
exhibited slight resistance to the pollutant. 
Experiment 2 
The healthy and diseased plants of three cultivars (T-7, TL-85 and 
TH-68) of 5. campeslris were grown in the sandy loam soil, amended with 
graded levels of fly ash (0, 20, 40, 60, 80 and 100%, w/w). All the 
parameters (growth characteristics, chlorophyll, carotenoids, phosphorus 
and potassium contents in the leaves) and seed yield, at harvest exhibited a 
significant response to fly ash. The values increased with an increase in 
the level of fly ash upto 60% but decreased with a further increase in the 
fly ash level. However, nitrogen content decreased significantly. At all the 
levels of fly ash, the plants infected with the fungus had the values, for all 
the characteristics, comparable with that of the healthy (control) plants. 
The seeds possessed a safe amount of heavy metals but were more than 
those of the control (0% fly ash). Among the cultivars, T-7 proved best by 
having a rich growth and seed yield. 
Experiment 3 
The healthy and infected {A. brassicicola) plants of three cultivars 
(T-7, TL-85 and TH-68) oi B. campestris were dusted with 2, 5 and 8 gm 
of fly ash per day. A fly ash level upto 5 gm day' significantly improved 
the growth characteristics, leaf chlorophyll and nutrient contents, except 
nitrogen, and the seed yield but the highest dose (8 gm day') proved 
harmful. The diseased plants exhibited a negative impact with the fly ash 
and the values decreased significantly below that of the healthy control. 
The seeds possessed a larger quantity of heavy metals but this level was 
very much below the permissible limits. The values for most of the 
parameters were maximum in variety T-7. 
Section II 
In this section, physiomorphological characteristics and 
productivity of sunflower, in response to SOj and fly ash, was included. 
Experiment 1 
The seeds of four cultivars (Mordcn, PSF-5, CSFH-778 and 
NSFH-110) o{ Helianlhiis annuiis were sown in pots, filled with sandy 
loam soil. The plants raised from these seeds were exposed 21 days after 
sowing, to three concentrations of SOj (142.85, 285.71 and 571.43 
|ig m'^ ) in the exposure chamber. The plants exhibited a significant linear 
decrease in growth, leaf chlorophyll, carotenoid, nitrogen, phosphorus and 
potassium contents and seed yield with an increase in the SOj 
concentration. However, sulphur content increased. Among the various 
cultivars, Morden somehow gave a bit of resistance to the pollutant. 
Experiment 2 
The plants of four cultivars (Morden, PSF-5, CSFH-778 and 
NSFH-110) of//, anmnis were raised in the pots filled with a mixture of 
sandy loam soil and fly ash, where the latter was 0, 20, 40, 60, 80 and 
100%. The presence of fly ash generated a significant impact on all the 
physiomorphological characteristics of the plants. The length, fresh and 
dry weight both of the shoot and the root, leaf chlorophyll, carotenoid, 
phosphorus and potassium contents and seed yield, at harvest, increased 
significantly with an increase in the level of fly ash upto 40%. A further 
increase in its level had no additive effect but the values started 
decreasing, above 60% of the fly ash. However, the nitrogen content 
decreased significantly with an increase in fly ash content from 0 to 100%. 
The presence of fly ash marginally increased the heavy metal status in the 
seeds, at harvest. Among all the cultivars, Morden gave maximum response 
to the treatment. 
Experiment 3 
This experiment was designed in a way to assess the impact of 
foliage deposited fly ash on plant growth and productivity of sunflower. 
Seeds of four cultivars (Morden, PSF-5, CSFH-778 and NSFH-110) of//. 
anmnis were sown in the pots, filled with sandy loam soil. Fifteen day old 
seedlings were regularly dusted with fly ash at the rates of 2, 5 and 8 gm 
per day, upto day 60. It was noted that the plants gave a favoiu^able response 
to fly ash upto a level of 5 gm day' where the value for length, fresh and 
diy weight of shoot and root, leaf chlorophyll, carotenoid, phosphorus and 
potassium contents and seed yield at harvest, were maximum. However, 
the plants dusted with the maximum quantity (8 gm day') of fly ash had 
the values, for all the parameters, below than those of the control (0% fly 
ash). The seeds, obtained from the treated plants, possessed larger 
quantities of heavy metals but were very much below the permissible 
limits. The treatment had the maximum effect on the cultivar, Morden. 
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INTRODUCTION 
Healthy and suitable environment is essential for the existence 
of all living organisms of this planet. Environmental pollution in the 
present world has become a serious threat for survival of the living 
organisms of various kinds. Health and welfare of human beings are 
directly linked with viability and productivity of natural and agricultural 
products. Plants are life-supporting system on this planet and 
agricultural productivity is vital for human survival. Both the integrity 
and productivity of ecosystems are adversely affected by air pollution 
(Holdgate et al., 1982). With rapidly increasing industrialization for 
improving quality of human life, the quality of air is increasingly 
deteriorating and as a result concentration of phytotoxic air pollutants 
in the environment is gradually increasing. Pollutants are toxic 
substances responsible for environmental pollution. Pollutants in the 
atmosphere are generated by anthropogenic (man-made) and biogenic 
(nattiral) processes. Anthropogenic processes predominate in the 
industrial areas. A number of industries of various kinds release 
several obnoxious gases and particulates. Air pollutants may get 
adsorbed, accumulated and integrated in the plant body and at toxic 
levels, injure them variously (Rao, 1985). Plants have been classified 
into resistant, intermediate and sensitive categories based on their 
differential responses to specific air pollutant and combination thereof 
(Varshney, 1985). Pollution of the environment has increased 
enormously since the industrial revolution began in the 17th century. 
Before this revolution, mankind had neither their number nor the 
technological and cultural potential for affecting a drastic change in the 
environment (Wolters and Martens, 1987). Among the pollution of 
various segments of environment , air pollution is the most dangerous. 
It adversely affects, directly or indirectly, the entire terrestrial 
vegetation, life of human beings and animals, and inanimate objects 
including the historical monuments. A large number of industries 
release substances, which are polluting all the sectors of the 
environment in different parts of the world. Thermal power plants, 
which are coal-based^rank among the worst air polluters in India. The 
main effluents from these power plants are SOj, NOj, NO and fly ash. 
Since independence, India has made advancements in 
industrial, agricultural and technological fields, accompanied with fast 
urbanization . In rapidly growing cities, more traffic on roads, use of 
fossil fuels in outdated industrial processes, growing energy 
consumption and lack of industrial zoning and environmental 
regulations are contributing to the reduced urban air quality and 
deteriorating public health in the country. To improve economic and 
social well-being many developing countries have given priority to 
rapid industrial development. This has lead to progress and improved 
the material quality of life, but at the same time it could result in 
serious environmental deterioration, if not properly controlled. 
Air pollutants affect the plants directly or indirectly. Since the 
plants derive more than 90% of their weight from the atmosphere, the 
quality of air is, therefore, critical for their growth and productivity. 
The impacts of air pollutants on the crop plants are now being realized 
in different parts of the world (Heck et al., 1986). Gaseous air 
pollutants enter the leaves through stomata and cause various kinds of 
injuries and adversely affect physiological and biochemical processes 
of the plants which are eventually reflected in their growth and 
productivity. Particulate air pollutants like soil dust, coal dust, cement 
dust, fly ash etc. mostly fall and deposit on the leaf surface. This 
hampers transpiration, exchange of gases and checks the transmission 
of solar radiation (Darley, 1966). Both primary and secondary air 
pollutants, as classified by Wood (1968) based on their origin, are 
detrimental to the plant growth and productivity. Primary air pollutants, 
which originate at a source in a form toxic to living organisms, affect 
various kinds of plants. Effects of primary gaseous air pollutants such 
as sulphur dioxide, oxides of nitrogen, hydrogen fluoride, ammonia and 
ethylene etc. have been investigated and documented. Particulate air 
pollutants like coal dust, cement dust, fly ash, suspended particulate 
matters (SPM) etc. are also harmful to plants. Secondary air pollutants, 
which originate through reactions between primary air pollutants, are 
also inimical to plants. Harmful impacts of secondary air pollutants 
like PAN, O3, and acid rain have been recognized. 
Life processes in living organisms occur within a relatively 
narrow range of temperature, light, water and nutrients. Air pollution 
like any other adverse factor increases the normal stress on cells of 
living organisms that leads to various stages of impairment. Air 
pollutants are transferred to plant surfaces by deposition processes 
including absorption and adsorption of toxic gases and gravitational 
settling of particulate matters (Pell, 1979). 
Coal is the most intensive fossil fuel releasing 29% more 
carbon per unit energy than oil and 80% more than natural gas. Coal is 
the most abundant of the fossil fuels with an estimated 1000-year 
reserve. Two main ingredients of coal smoke are sulphur dioxide and 
particulate. They cause 5,00,000 premature deaths and millions of new 
respiratory illness each year in urban areas worldwide. Several cities 
including Delhi are near the pollution level that London experienced 
during its famous "fog" that took 4000 lives in 1952 (Rao and Rao, 
1998). 
Sulphur dioxide is one of the most prevalent and highly toxic 
gaseous air pollutants in India. It is the second most abundant 
contaminant next only to carbon monoxide (CO) accounting for about 
20% by weight of all air pollutants. The concentration of sulphur 
dioxide for industrial areas has been recommended as 0.042 iJ.gm'-' by 
the Central Pollution Control Board, India. But in many areas the 
concentration normally exceeds the prescribed safe limit. It stings the 
eye and causes a burning sensation in the throat. 
Sulphur is essential for plants and animals in trace amounts and 
its natural level of occurrence is not harmful in most situations. 
However, with growing industrialization the level of SOj concentration 
is rising day by day. SOj emitted through coal burning depends upon 
the sulphur content of the coal, which varies from 1-6% of the total 
weight. The concentration of SOj decreases rapidly with the distance 
from the source and meteorological and topographical conditions. The 
concentration of SOj near coal burning power plants and smelters with 
little or no pollution control equipment has been found to be as high as 
1 to 3 ppm. SOj in large urban centres ranges from 0.05 to 0.4 ppm. 
The extent and nature of injury/damage caused by air pollutants are 
determined by genetic and environmental factors of the plant, as well as 
by the concentration and exposure duration to the pollutant (Heagle, 
1973, 1982). 
SOj in the leaves after entry through the stomata reacts with 
water in mesophyll tissue to produce sulphite ions, which are slowly 
oxidized to sulphate ions. The sulphate ions may be utilized by the plant 
as nutritional sulphur and converted into organic form (Thomas et al, 
1943). But the sulphite ions are toxic to plant cells when present in 
excess. SOj affects both physiological and biochemical processes of 
the plants. Photosynthesis of affected plants is generally reduced, but 
the transpiration and dark respiration are increased. In some cases, 
enzyme activities increased by exposure of plants to low level of SOj 
and decreased by its higher concentration (Horsman and Welburn, 1977; 
Soldatini and Ziegler, 1979; Wyss and Brunold, 1980; Pierre and 
Quieroz, 1982; Tanaka et al., 1982). Sulphur dioxide is a prevalent 
gaseous pollutant in India and other developing countries. Some 
studies indicate that ambient concentration of the gas around coal 
based thermal power plants may range from 43-348 i^gm"^  (Khan and 
Khan, 1996). SOj gas causes disorders in plants with specific 
symptoms (Khan and Khan, 1993). 
Air pollution is a new factor in agriculture. A number of air 
pollutants are known to affect growth and productivity of crop plants 
(Khan, 1996). Oil seed crops, which have great contribution in 
agricultural economy of the country like India, have not been 
adequately examined for their performance under air pollution stress. 
Effect of fungal diseases in stressed conditions on oil seed crops has 
received very little attention and the influence of any air pollutant or a 
mixture of various air pollutants on disease severity is yet to be fully 
investigated. Plants under field conditions are continuously exposed to 
more than one pathogen, at a time. Some of these pathogens interact to 
cause disease complexes. In nature there is another type of multiple 
pathogen interaction between biotic and abiotic pathogens. The ambient 
environment of an urban industrialized area contaminated by several 
pollutants emitted from different sources affect plants , plant parasites 
and their parasitism. The impact of air pollutants on parasitism may be 
direct or indirect. The parasitism may be increased or decreased as a 
result of the direct effect of the pollutants on the parasites, or the 
effect may be indirect through pollutant induced changes in other 
aspects of the environments (Heagle, 1973). 
According to Shafer et al. (1985), three distinct kinds of 
relationships exists between air pollutants and plant pathogenic 
microbes while co-occurring in a common pathosystem i.e. neutral 
relationship, antagonistic relationship and synergistic relationship. 
The latter two are more logical and practically possible. The available 
literature on biotic pathogen - air pollutant - plant interactions provides 
ample evidence in support of all possible relationships (Heagle, 1973; 
7 
Khan and Khan 1993). Air pollutants appear to stimulate as well as 
depress activity of parasites, depending upon several factors such as 
concentration of the gas, type of the pollutants and pathogen etc. 
Available knowledge indicates that obligate parasitism is increased by 
pollution stress. Diseases caused by obligate plant pathogens like 
Uromyces phaseoli, Puccinia graminis, Erysiphe graminis and 
Sphaerotheca fuliginea etc. were inhibited due to air pollutants 
(Heagle and Strickland, 1972; Laurence et al., 1979; Wiedensaul and 
Darling, 1979; Lorenzini et al. 1990; Khan et al., 1991). However, 
diseases caused by Botrytis spp., Armillaria mellea and Scirrhia 
acicola v/erQ enhanced when exposed to air pollutants (Heagle, 1973; 
Rist and Lorbeer, 1984). 
India is the world's 3rd largest edible oil economy after USA 
and China. It occupies a distinct position not in terms of area of 
cultivation but also in terms of diversity in cultivated oil seeds in the 
world. Selecting two important oil-seed crops (rapeseed and sunflower) 
this work has been carried out in green houses, under controlled 
condition with the following objectives : 
(a) to study the impact of the increased level of SO2, above the 
ambient level of the air of the exposure chamber, on the 
physiomorphological characteristics, the yield attributes and seed 
yield, at harvest of both the crops. 
(b) to assess the practical applicability of fly ash in improving crop 
productivity by its amendment to the soil or dusting to the foliage 
at various stages of growth. 
8 
(c) • the rapeseed plants are naturally exposed to the fungi, Alternaria 
brassicicola to cause significant damage to the plant and a 
reduction in seed production. These diseased plants were exposed 
to SO2 or fly ash, applied to the soil or foliage, with a goal to 
explore gains by their interaction effect with the pathogen or the 
host. 
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C I I A P I I K 2 
REVIEW OF LITERATURE 
2.1 Introduction 
Pollution of the environment has increased enormously since 
the industrial revolution began in the 17th century. Before, this 
revolution, size of the human population and technological 
advancements were not sufficient enough for affecting a drastic change 
of the environment (Wolters and Martens, 1987). Concerted effort by 
man for improving the quality of life and comfort has resulted in 
unlimited exploitation of natural resources and rapid growth of 
industries, which release harmful substances toxic to living organisms 
and bring about undesirable change in the physical, chemical and 
biological characteristics of air, land and water. These toxic substances 
cause pollution of different segments of environment and are called 
pollutants. Air pollutants, are the pollutants causing pollution of air, and 
are categorized, on the basis of their physical appearance, into two 
groups: gaseous and particulate (Wood, 1968). Air pollutants like 
sulphur dioxide, ozone, PAN, CI3, C^Hg, HF, HjS, NO^ etc. adversely 
affect human beings, plants and microbes in various ecosystems. The 
plants are affected by air pollutants either directly through their toxic 
effects or indirectly through the effects on associated microbial flora 
or fauna. 
Air pollution is a new factor in agriculture and the damage 
caused in different parts of the world due to air pollution is of global 
importance. With the increasing industrialization a variety of chemicals 
10 
are added to the environment, which are toxic to plants as well as 
animals. Phytotoxic air pollutants are of great concern to agricultural 
scientists. Air pollutants injure plant foliage, significantly alter their 
growth and yield and change the quality of marketable plant products. 
They are known to cause diseases in plants and influence plant diseases 
caused by other plant pathogens. 
2.2 Effect of air pollutants on crop plants 
Cameron (1874) was first to report that smoke coming out of a 
factory caused different types of diseases. The effects on plants range 
from alterations in physiology and biochemistry of plants to visible 
symptoms of chlorosis, necrosis, early senescence, stunting etc. 
(Treshow, 1970; Mudd and Kozlowski, 1975; Heck et al., 1986). The 
diseases induced by abiotic factors like air pollutants, drought, 
extremes of temperature have many features in common with those 
induced by biotic pathogens. The injury and its severity due to pollution 
depends upon the type of air pollutant, concentration and exposure 
period (Darley and Middleton, 1966; Brandt and Heck, 1968a, 1968b; 
Jacobson and Hill, 1970). Besides causing physiological, biochemical 
and morphological changes, air pollutants also induce anatomical 
abnormalities in plants, specially in foliar parts. Air pollutants alter 
epidermal characters of leaf (Treshow, 1970; Unsworth et al., 1972; 
Levin, 1973; Black and Unsworth, 1980). Leaf epidermis being the 
outermost protective layer, exhibits some modifications which decrease 
the influence of air pollutants (Zaidi et al., 1979). Trichomes play 
major role in offering a protective layer to plants against gaseous or 
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particulate air pollutants (Levin, 1973). Reduction in frequency and size 
of stomata in the leaves of plants growing under coal-fired smoke 
pollution stress has been recorded (Gupta and Ghouse, 1987). Such 
impacts have been demonstrated under artificial treatment conditions 
(Khan and Khan, 1991). 
Air pollutant injury to crops in tropical agricultural areas is 
gradually increasing as newly developing industries and urbanization are 
causing increase in the concentration of phytotoxic air pollutants. 
Almost all air pollutants causing plant injury are gases, but some 
particulate matters or dusts may also affect plants. Its extent and 
importance, however, has increased with continued industrialization and 
will, apparently, increase further with the world's increasing population 
and urbanization. Most serious and widespread damage caused to plants 
in the field is by ozone, sulphur dioxide, hydrogen fluoride, 
nitrogendioxide, peroxyacetyl nitrate and particulates. Sulphur dioxide 
and fly ash are two most important air pollutants produced by coal-fired 
thermal power plants. The published information on relationship of 
these air pollutants and growth and productivity of crop plants is 
reviewed, with more emphasis on recent literature. 
2.2.1 Sulphur dioxide (SO2) 
Sulphur dioxide is one of the important gaseous air pollutants, 
which is quite prevalent in India (Gupta et al., 1993, Kumar and Singh, 
1985). The gas has been recognized as inanimate plant pathogen as it 
causes disorders in plants with specific symptoms (Khan and Khan, 
1993). 
12 
For more than 100 years it is known to cause injuries in plants. 
Sulphur dioxide is emitted into the atmosphere by some natural and 
mostly man-managed agencies. Main sources of sulphur dioxide are 
burning of fossil fuels in thermal power plants, smelting industries and 
biological decomposition etc. Sulphur dioxide also induces foliar 
injury, causing characteristic symptoms. Foliar and flower injury 
resulted in SOj exposed plants of Calendula officinalis (Padhi et al., 
1995) and Zinnia (Rath et al., 1995), which increased in intensity as 
SO2 concentration and duration of exposure increased. Apart from 
foliar injury, plant height, shoot and root, fresh and dry weight and 
shoot-root ratio are reduced. Sulphur dioxide at higher dosage causes 
interveinal and blade damage, necrosis and cellular collapse (Khan and 
Khan, 2000). 
It is the second most abundant air pollutant next only to carbon 
monoxide, accounting for about 20% by weight of all air pollutants. 
Sulphur is essential for plants and animals in trace amounts and the 
natural level of its occurrence is not harmful in most situations. 
Sometimes, in sulphur deficient soils a small level of SOj pollution 
removes the deficiency. 
Sulphur dioxide when present in excess causes several types of 
symptoms on plants. In leaves, sulphur dioxide enters through stomata 
and reacts with water in mesophyll tissues to produce sulphite ions, 
which are slowly oxidized to sulphate ions. The sulphate ions are much 
more toxic than sulphite ions (Thomas et al., 1943). Two general types 
of markings or symptoms designated as chronic and acute are produced 
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by the plants due to the accumulation of sulphite ions in the leaf tissue. 
If the rate of accumulation is slow, the cells oxidize the sulphite ions 
and no injury occurs until sufficient sulphate accumulates. This type of 
chronic injury is characterized by a general chlorotic appearance of the 
leaves. Cells are not killed but the chlorophyll is bleached which 
appears as a mild chlorosis or yellowing of the leaf or a silvering or 
bronzing of the lower leaf surface without necrosis (Darley and 
Middleton, 1966). Acute injury results from the absorption of lethal 
quantities of SOj. It appears as marginal or intercostal areas of dead 
tissue, which are at first full grayish green water soaked in appearance. 
In most plant species, these areas become bleached ivory in colour, 
upon drying. The dead or necrotic areas may fall out leaving a ragged 
appearance to the leaf. Abscission layer develops at the base of petiole 
of the leaves with high injury and leaves fall down (Jacobson and Hill, 
1970). 
Sulphur dioxide injury in plants occurs mostly during the day, 
when stomata remain open (Thomas, 1951). Seasonal variations in the 
sensitivity of plants to SO^ also occurs (Cormis, 1973). The 
physiological status and age of the plant are other important factors in 
this respect (Tom and Cowling, 1976). Low concentrations of sulphur 
dioxide reduce the net photosynthesis in plants. However, short and 
long exposure durations increase the rate of transpiration and dark 
respiration (Takomoto and Noble, 1982; Saxe, 1983a and 1983b). 
The exposure of the plants of tomato (Sharma and Prakash, 
1991), okra (Tomer et al., 1993), maize and soybean (Efe and Ozbay, 
14 
1994), wheat (Madhoolika et al., 1997), spinach (Prakash et al., 1997), 
Zinnia (Rath et al., 1995) to SOj had restricted growth and the loss of 
potassium, phosphorus, carbohydrate, ascorbic acid, nitrogen, protein, 
chlorophyll and carotenoids in the leaves or fruits. Moreover, the 
change in the values of these components varied with the level of the 
nutrients and the variety (Madhoolika et al., 1997). However, the level 
of sulphur in plant tissues increased (Sharma and Prakash, 1991; Padhi 
et al., 1995; Rath et al., 1995 and Prakash et al., 1997). 
Sulphur dioxide as an air pollutant suppresses plant growth and 
reduces crop yields. Sprugel et al. (1980) observed significant 
reductions in yield of soybean plants exposed to 0.09 to 0.79 ppm in an 
open-air fumigation chamber. Intermittent exposure of tomato plants to 
sulphur dioxide at 286 jigm'-^  induced slight chlorosis and browning in 
interveinal areas of leaves. At 571 [ig SOjm"'', symptoms were more 
intense. There was significant reductions in plant growth, yield and leaf 
pigments of tomato, (Khan and Khan, 1993). Similarly, Kulshreshtha et 
al. (1994) investigated the impact of SOj (at 0.1 and 0.2 ppm for 3h on 
alternate days for 6 weeks) on the growth of six varieties of wheat in 
artificial conditions and noted reduction in plant growth in all the six 
varieties. The suppressions in growth of wheat plants was greater at 
0.2ppm of SOj than at 0.1 ppm. Singh (1989) studied the effect of 
exposure of seeds of chickpea and lentil to SOj on their germination 
and subsequent growth. When the seeds were exposed to SOj (at 0.1 
and 0.2 ppm), seed germination was suppressed and the seedling 
mortality occurred. Chickpea was more sensitive than lentil to the 
exposures at germination stage. But after emergence the seedlings of 
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lentil exhibited greater sensitivity than chickpea. At both the 
concentrations of SOj reduction in plant growth, yield, leaf pigment, 
seed protein, number of stomata, number and length of trichome 
hydathodes occurred. 
Kumar and Prakash (1990) observed the effect of sulphur 
dioxide (0.25 and O.Sppm) on seed germination, seedling growth and 
certain biochemical parameters of pigeon pea {Cajanus cajan) and pea 
{Pisum sativum). An increase in shoot and root length was, however, 
observed. There was reduction in nodule number, nodule fresh and dry 
weight. The contents of chlorophyll a, chlorophyll b and total 
chlorophyll in the leaf decreased in sulphur dioxide exposed plants. 
Mishra (1980) reported necrotic lesions and reductions in primary 
productivity at 0.2ppm of SOj in groundnut {Arachis hypogea) The 
plant productivity was slightly benefitted when concentration of sulphur 
dioxide was below 0.25 ppm. Sulphur content of the plants increased 
while nitrogen and phosphorus contents decreased with increasing SOj 
concentrations. 
Mejstrik (1980) while investigating the influence of low 
sulphur dioxide concentrations (0.02 ppm for 4 weeks) on growth of 
Nicotiana tabacum cv. Samsum and Cucumis sativus cv. Unikat found 
significant reductions in the fresh weight of green leaves, shoot and 
root and in the root/shoot ratio. It was more prominent in C. sativus 
than in N. tabacum. Singh and Singh (1990) found phytotoxic influence 
of sulphur dioxide on leaf growth of Vigna mungo. Reductions 
occurred in the number of leaflets, total area and dry biomass in all 
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sulphur dioxide fumigated plants as compared to control. The plants 
showed visible foliar injuries after 20 days of fumigation. Initially, 
symptoms of chlorosis appeared which later developed into necrotic 
spots. The old and mature leaflets were found to be more susceptible to 
pollutant. Adaros et al. (1991) observed that barley was not 
significantly affected while the yield of wheat decreased when both 
were exposed to 9-63 fxgm"^  SOj for 24 h daily. The reproductive 
development of rape-seed (Brassica napus) was significantly reduced 
by exposure to SOj (Bosac et al. 1993). Growth and yield of soybean 
plants was found to be reduced when exposed to SO2 at 0.1 and 0.2 ppm 
for 3 days, in a week, in artificial exposure (Singh, 1993). Exposure of 
intact pinto beans (Phaseolus vulgaris L.) and those with cotyledons 
removed immediately after germination to 0.15, 0.25 and 0.50 ml/litre 
SO2 at an identical dose (0.50 ml/lit/h/day) for 4 weeks reduced leaf 
area, shoot and root dry weight and increased shoot/ root ratio and 
specific leaf areas in all exposed plants (Temple et al. 1985). 
Bytnerowicz et al. (1987) examined impact of sulphur dioxide on 
winter wheat in open top chambers. After 22 days of exposure, decrease 
in lower buffering capacity, increase in total sulphur content and 
increased injury, particularly at higher SOj concentrations occurred. 
Broad bean {Vicia faba) crops exposed to SO2 concentrations of 165 
74, 62 M^ gm"^ , in an open-air field exposure system showed strongly 
affected leaf area development, during the pod filling. Sulphur content 
in the leaves and pods of the fumigated plants increased and the calcium 
content of the leaves was decreased by sulphur dioxide (Kropff et al. 
1989). Even the liverworts {Frullania dilatatd) exposure to SOj 
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exhibited a decrease in the electron flow by the closure of PS-II, and 
the rate of COj assimilation (Gimeno and Deltoro, 2000). This also 
resulted in severe cell injury where the plasma membrane collapsed and 
the other organelles got disorganized and the degree of damage was 
related to the degree of the exposure of the aerial part to this pollutant. 
Fly ash 
Coal dust, lime dust, fly ash, cement dust and soil dust particles 
are the major particulate air pollutants. Important sources of the 
particulate air pollutants are coal based thermal power plants, volcanic 
erruptions, kiln operations, faulty agricultural practices and 
transportation etc. Particulate air pollutants are the major problem in 
developing countries as compared to developed ones (Das, 1986). In 
India 40-44% air pollutants are of particulate type. 
Particulate matter settles on exposed plant parts, mainly foliage 
and on soil. Deposition of particulate matter on leaves causes 
chlorosis, necrosis and death of leaf tissues. Particulate deposition 
increases leaf temperature, transpiration and reduces photosynthesis 
(Colwill et al., 1979). Deposition of particulate matter on leaves of 
plants causes their poor growth (Darley, 1966). Cement dust causes 
injury and inhibition of plant growth in the close vicinity of cement 
industries. High particulate emissions from different sources cause 
reduction in quality of vegetables and fruits growing close to the source 
(Heck et al. 1970). 
Fly ash comprises of finely divided particles of ash entrained in 
fuel gas arising from the combustion of coal. The size of fly ash 
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particles may vary from 0.02 m to over 300 m. It contains incompletely 
burned coal and the carbon contents of fly ash may vary from 5-20%, 
although same samples may contain as high as 50%. A large number of 
materials such as SiOj, AI2O3, FCjOj, CaO, MgO, SO3, KjO + NjO 
Sn02, and traces of Ni, Be, V, Hg. Se, Mn, may also occur in fly ash 
(Bhatia, 1978). Kamath (1979) by using instrumental neutron activation 
analysis, determined the concentration of 17 elements in coal and 
corresponding elements in fly ash. He collected sodium, potassium, 
cesium, mercury lanthanum, terbium, thorium, chromium, hafnium etc. 
from stack precipitation of power plants. Fly ash is a fairly stable 
pollutant and it accumulates in the environment through deposition on 
the surfaces of materials and plants. It reduces visibility in the 
atmosphere, absorbs and scatters light and reduces the quantum of solar 
radiations reaching plants. 
The soil amended with fly ash increased the impedance offered 
by its matrix to the germinating seeds which leads to the delay in the 
emergence of the plumule. Rice and maize were less sensitive to ash 
than chickpea and lentil whereas the germination of the mustard was 
most effected (Kalra et al., 1997). However, the soil containing 25% 
of the ash reported maximum seed germination of Vigna mungo and 
Abelmoschus esculentus (Sahu and Dwivedi, 1999). Pawar and Dubey 
(1982) studied the growth of wheat plants as affected by 5, 10, 20, 30 
and 40% (wt/wt) fly ash with black cotton soil. They noted increase in 
plant height, dry matter production and photosynthetic pigments at 20% 
fly ash but at higher percentages the plant growth was retarded. Khan 
and Khan (1996) observed the beneficial effects of fly ash on plant 
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growth and yield of tomato up to 70% fly ash level. Different levels of 
fly ash (0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100%) were added to the 
soil. Tomato plants grown in the ash-soil mixture showed luxuriant 
growth with bigger and greener leaves. There was a gradual increase in 
length, fresh and dry weight, carotenoid and chlorophyll contents up to 
70% and decrease in 80, 90 and 100% fly ash. Similarly, ash improved 
the growth of wheat (Tripathy and Sahu, 1997) and also the chlorophyll 
contents in the leaves of Vigna mungo and Abelmoschus esculentus 
(Sahu and Dwivedi, 1999). Singh (1989) studied the effect of fly ash 
added in soil (0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100% fly ash) 
on plant growth and yield characteristics of lentil and chickpea and 
development of root nodules. Improvement in growth and yield was seen 
up to 60% fly ash and best growth was attained by plants in 10% fly ash. 
. Reduction in nodulation occurred with the increasing levels of fly ash 
in the soil. 
Analysis of fly ash from the thermal power plant, Kasimpur, 
Aligarh (India) was done by Pasha (1991). He found total organic 
carbon and coal nitrogen as 0.07% and 0.05%, respectively. The metal 
elements found in the fly ash were Pb (27.56 ppm), Ni (06.90 ppm), Cu 
(01.52 ppm), Mn (22.80 ppm), Co (3.82 ppm), B (21.71 ppm), Zn 
(03.04 ppm), Fe (02.43 ppm). The concentration of K, Pb, Mn, and B 
were higher than other metal elements. He also determined plant 
growth of cucumber in soil amended with different levels of fly ash. 
Best growth of cucumber plants was seen when fly ash level was 10% 
and 25% V/V. Increase in chlorophyll content of leaves was also 
observed in soil amended up to 50% fly ash. Sarangi et al. (1998) 
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worked on soil amended with 15% (V/V) coal-fired fly ash to detect 
soil metabolic activities and yield in groundnut, okra and radish. There 
were different activities of soil enzymes under different plants with 
increased protease activity under groundnut, increased amylase activity 
under okra and radish cultivation. Groundnut, okra and radish plants 
responded positively to the fly ash amended soil. Root length, shoot 
length, above ground biomass, total number of leaves/plant, total leaf 
area/plant and yield were mostly enhanced in the amended soil. The 
yield/plant, total leaf area/plant and yield/plant increased by 4%, 57% 
and 77% for groundnut, okra and radish,respectively,in fly ash amended 
soil. 
Mustard also gave significant response in terms of growth and 
seed yield where 40% level of fly ash proved best (Siddiqui et al., 
2000). Shane et al. (1988) used fly ash as an amendment for strip-
mine soils. Three ^Idinis Agrostis tenuis var. High lander, Festuca 
arundinacea and Lespedeza cuneata were grown in strips with an 
equivalent of 70 metric tons/hectare of coal fly ash and half were 
untreated. Biomass production ranged from 5 to 30 times higher in fly 
ash treated plots compared to untreated plots. No toxic effects on the 
plants were observed. The effect of soil amended with fly ash, was 
examined on germination of two vegetable crops. Fly ash samples 
contained a high level of various trace elements including Cd Pb, and 
other metals such as Co, Cu Fe, Mn, Mo, Ni, and Zn. Fly ash was 
applied at the rates of 0, 3, 6, 12, and 30% (on a dry weight basis) to a 
sandy and sandy loam soil. Kumar et al. (1999) observed an increase in 
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the level of the trace elements at the level of the seeds of soybean and 
wheat, grown in the ash amended soil. However, the level varied with 
the species and the organ of the plant (Barman et al., 1999). After the 
application of fly ash seed germination of Brassica parachinesis and 
Brassica chinensis was enhanced in 3 and 6% treated sandy soil, while 
those in 12 and 30% treated sandy soil and 30% treated sandy loam 
showed a significant reduction. Values of Ec50 of fly ash for both plants 
on seed germination were higher in sandy soil than in sandy loam. The 
presence of a limited amount, depending on the crop, of the ash in the 
soil improved the yield of rice (Sikka et al., 1992), Lactuca sativa 
(Srivastava et al., 1995), sunflower (Pandey et al., 1994), soybean (Lai 
et al., 1996), Chicorium intybus (Scotti et al., 1996), rice, soyabean 
and gram (Khandkar et al., 1996), wheat and soybean (Kumar et al., 
1999). 
2.3 Oil seed crops 
Air pollution due to coal burning in the therihal power plant, 
Kasimpur in India has been found to have significant and unfavourable 
impact on some crops (Khan and Khan, 1991). Sulphur dioxide, nitrogen 
dioxide and suspended particulate matter (S.P.M. mainly fly ash) were 
the major air pollutants present during coal burning in the power plant 
at Kasimpur (Khan, 1988). Sulphur dioxide, nitrogen dioxide and 
particulate are known to be mainly produced due to usage of fossil fuels 
as energy source (Wood, 1968; Carlson, 1983). Plants growing under 
air pollution stress show reduced growth of shoot and root (Tingey et 
al., 1976; Spence et al., 1990). Various physiological and biochemical 
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processes are impaired (Howell and Kremer, 1973; Klarer et al., 1984). 
The extent and nature of the injury or damage caused by air pollutants is 
determined by genetic and environmental factors of the plants, as well 
as by the level and duration of the exposure to the pollutant (Heagle, 
1973). 
Sunflower (Helianthus annuus L.) and rapeseed {Brassica 
campestris L.) are important oilseed crops from economic point of 
view and are grown on extended scale in India. In 2001 the growth rate 
of oilseed production is anticipated to be 42.25 million tones. Both 
these oil seed crops give large quantity of top quality oil per unit area 
and per unit time. Sunflower oil is a very good cooking medium. 
Sunflower seeds contain 40 to 50% oil. Nutritionally it is better than 
many other cooking media. Being of semi-drying and stable type, 
sunflower oil is used in making paints, varnish and soap. 
Rapeseed is also another important oil seed crop of India and 
its varieties are grown on a large scale in the Indo-Gangetic plains. The 
seeds of oleiferous brassicas contain 35 to 50% of fatty oil and 20% 
of protein matter. There is an increasing demand of oil seeds and oil in 
India. Both the crops are grown in open field plots in India including 
the fields in the vicinity of various industries, brick kilns and thermal 
power plants . The crops are liable to suffer damages due to air 
pollutants emanating from these point sources. 
In India Alternaria blight of rapeseed is the most destructive 
disease as it causes extensive blightening on leaves as well as on 
siliques. Causing substantial yield loss annually (Ansari, 1987) and 
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seeds of infected plants became poor in oil content (Ansari et al., 
1988). The disease is quite prevalent in the Indo-Gangetic plains of 
India and recur annually, attacking the aerial parts including pods and 
causes substantial loss to growers in Uttar Pradesh. Sunflower also 
suffers a number of biotic and abiotic diseases (Kolte, 1985). The 
biotic pathogens can infect the crop any time from seed germination to 
harvest. 
Diseases caused by Alternaria are among the most common 
diseases of many kinds of plants, through out the world. They affect 
primarily the leaves, stem, flowers and fruits of annual plants. Some of 
the important diseases caused by Alternaria include early blight of 
potato and tomato, blight of carrot and of crucifers, leaf spot and fruit 
spot on squash and on apple and rot of lemons and oranges. Alternaria 
may attack fruits when they approach maturity in some hosts, at the 
blossom end but in others at the stem end or at other points through 
wounds. 
Alternaria spp. has dark coloured mycelium and in older 
diseased tissue it produces short simple erect conidiophores that bear 
single or branched chains of conidia. The conidia are large, dark long or 
pear shaped and multicellular with both transverse and longitudinal 
crosswalls. The conidia get detached easily and are carried by air 
current. Different species of Alternaria occur throughout the world. 
Their spores are present in the air and dust everywhere and are one of 
the most common fungal causes of hay fever allergies. Alternaria 
spores also land and grow as contaminants in the laboratory culture of 
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other microorganisms and on dead plant tissues killed by other 
pathogens or due to other causes. Many species of Alternaria are 
mostly saprophytic, i.e. they cannot infect living plant tissues but grow 
only on dead or decaying plant tissues and at most of the senescent or 
old tissues like old petals, old leaves and ripe fruits. Many species of 
Alternaria produce toxins. Some toxins are host non-specific, however, 
others are host specific. 
Rape seed is attacked by a number of fungi, many of which are 
seed-borne. Alternaria brassicicola Wilts is a serious seed borne 
pathogen of crucifers causing leaf spot disease. The seed-borne 
infection acts as a source of primary inoculum (Neergaard, 1977). It 
occurs quite regularly every year during the crop season (October-
March) in Indo-Gangetic plain resulting in 35 to 46% yield loss (Kolte 
et al., 1987). In certain cultivars of 'yellow sarson', the loss in yield 
may go to the extent of 70 %. 
2.4 Air pollutants and plant diseases 
The air pollutants cause direct and indirect effect on microbial 
community. The susceptibility of pollution stressed plants to microbial 
pathogens may be altered and the disease development may be 
influenced. Thus plant diseases may be either enhanced or suppressed 
depending upon the nature of the disease and host, the kind and 
concentration of the air pollutants. Interactions between air pollutants 
and plant pathogens on a given host may affect pathogenesis (Heagle, 
1973, 1982). Air pollutants directly toxic to the pathogens possibly 
impair their growth and reproduction and thereby partially or wholly 
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inhibit the diseases. Air pollutants on the other hand, by modifying the 
host physiology may render it more susceptible to infection and 
pathogenic damages. Atmospheric pollutants may adversely affect the 
spore germination, mycelial proliferation, fruiting body formation and 
spore production by fungi. Host-parasite relationship may be adversely 
affected (Babich and Stotzky, 1978). 
Air pollutants cause specific diseases in plants thus behave as 
plant pathogens (abiotic) (Cowling and Horsfall, 1979). Studies on plant 
diseases caused by air pollutants began in 19th century (Heagle, 1973). 
In nature plants remain exposed to multiple pathogenic situations. 
These pathogens to which plants remain exposed interact in nature and 
the ultimate effect on the host is the result of their interactive actions. 
Air pollutants have been recognized as abiotic (inanimate) plant 
pathogens as they cause disease with specific disease syndrome 
(Cowling and Horsfall, 1979). Secondly^ air pollutants develop 
relationship with various kinds of biotic pathogens influencing the 
incidence and intensity of the biotic diseases. It these two groups of 
the pathogens abiotic (e.g. air pollutants) and biotic (e.g. fungi, 
bacteria, viruses etc.) co-exist in a common pathosystem, it is quite 
apprehensible that they may become vulnerable to greater pathogenic 
damages caused by the biotic pathogens or the plants infected with 
biotic pathogens may become more sensitive and suffer greater 
damages caused by the pollutants (Khan and Khan, 1990). There may be 
no measurable differences in the effects as well. Air pollutants may 
enhance or inhibit parasitism of biotic pathogens through stimulated or 
depressed activity of the parasites (Khan and Khan, 1990). 
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Influence of a number of air pollutants like ozone, sulphur 
dioxide, acid rain and particulates on plant pathogens has been examined 
and reported in literature (Table T). Ozone inhibits a number of 
pathogenic fungi or their effects are pronounced by it. Facultative 
parasites are affected more than facultative saprophytes (Heagle, 1973). 
Manning et al. (1970) investigated invasion of potato leaves by Botrytis 
cinerea under the stress of ozone. Invasion of the leaves by the fungus 
was enhanced when plants were exposed to (0.15-0.25 ppm ozone) for 
6-8h. The impact of ozone (120, 180, 270 m" )^for 8h in predisposing 
Phaseolus vulgaris to Botrytis cincerea was investigated by Leone and 
Jonneijik (1990). They observed that ozone enhanced the pre-
disposition of the leaves of plants to B. cincerea inoculated one day 
after exposure. The rate of enhancement depended on the level of O3 
induced injury which was influenced by the cultivar, leaf and ozone 
concentrations. Trifoliate leaves of all the cultivars were less 
predisposed to the fungus than the primary leaves. There was increase 
in chlorosis and necrosis with increase in exposure duration and 
concentration of ozone. Khan et al. (1991) reported that ambient ozone 
around ceramic and pottery industries Khurja (India) caused a low 
incidence and intensity of powdery mildew, Spherotheca fuliginea on 
cucurbits grown within 2 kms . Kochhar et al. (1982) studied the effect 
of single acute ozone exposure (0.3 ppm for 2 h) of clover on 
pathogenesis of Rhizoctonia solani followed by 0.04-0.16 ppm through 
out the season. The exposure increased the pathogenesis of R. solani 
leading to synergistic reduction of clover biomass. Tiedemann (1992) 
observed greater colonization by Septoria nodurum on wheat plant 
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exposed to ozone. Three exposures of plants to 0.3 ppm ozone in 
addition to 0.4 to 1.5 ppm, however, reduced the negative effect of the 
fungus. 
The effect of sulphur dioxide (0.1 and 0.2 ppm) for different 
time intervals (3, 6, 9, 12, 18 h) was examined on conidial germination 
of some powdery mildew fungi i.e. Sphaerotheca fuliginea from 
Lagenaria siceraria, Erysiphe cichoracearum from Coccinia 
grandis, S. cassiae from Cassia occidentalis, E. trifolii from 
Trigonella foenum-graceum, E. pisi from Pisum sativum, E. polygoni 
from Chenopodium ambrosoides, Microsphaera alphitoides f.sp. 
zizyphi from Zizyphus jujuba and Phyllactinia from Dalbergia sissoo 
by Khan and Kulshreshtha (1991). Conidial germination of the powdery 
mildew fungi was reduced at both the concentrations of sulphur 
dioxide. With increase in the duration of exposure, a corresponding 
decrease in the conidial germination occurred. Maximum reduction 
occurred when conidia were exposed to 0.2 ppm SOj for 12 h. Spore 
germination of some fungi like Phytophthora infestans was inhibited 
by SOj (Saunders, 1970; Couey, 1965). Taylor et al. (1975) investigated 
the effect of SOj on Microsphaera alni infecting lilac leaves. Exposure 
to 0.04 ppm sulphur dioxide for 24-72h continuously, caused reduction 
in spore germination, penetration and hyphal production of the fungus. 
Laurence et al. (1979) reported 38% decrease in the number of lesions 
caused by Helminthosporium maydis on maize exposed to 0.15 ppm 
SOjjH h daily for 8 days, before inoculation. Couey (1965) observed 
60% reduction in spore germination of Alternaria spp, with treatment 
of 50 ppm SOj for 24 min. Rusts like Uromyces phaseoli parasitising 
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bean leaves and Puccinia graminis on wheat when exposed to SOj were 
inhibited (Weinstein et al. 1975; Laurence et al. 1979). Similarly, the 
plants of cucumber (Cucumis sativa) infected with Sphaerotheca 
fuliginea, exposed to 143 p,g m'^  of greater colonization but it was 
suppressed at higher concentration of SOj (Khan et al., 1998). 
According to Heagle (1982) stimulated acid rain caused 
inhibition of growth of Cronartium fusiforme on leaves of yellow oat 
inoculated with aeciospores. The number of infections and telia were 
decreased with sulphuric acid, at pH 3.2, applied on each of the 14 days, 
before and after inoculations (0.63 cm rainfall applied over 10 min. per 
day ). The exposure of plant foliage to acid rain have implications on 
root diseases also. When above-ground parts are affected the 
composition of root exudates also change the biology of the 
rhizosphere (Rovira and Davey, 1974). The exposure of plants to acid 
rain would alter micro- organism interrelationships involving potential 
pathogens in rhizosphere or might alter pathogen response of plant 
roots , which influences disease spread and intensity of occurrence. 
Lawry (1977) studied the fungal populations in soils at the sites 
exposed to acid rain from strip-mines and observed a decrease in 
fungal species diversities. 
Schoenbeck (1960) dusted sugar beet field with lime dust 
biweekly at the rate of 2.5 g/m^ and observed that infection by the leaf 
spot fungus Cercospora beticola was greater than in non-dusted plots. 
He determined that the lime dust altered the physiological balance and 
increased the plants susceptibility to infection. Sharp (1967) 
determined that high ionic concentrations in the atmosphere reduced 
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the germination of Puccinia striiformis urediniospores. The microbial 
respiration was reduced with increasing fly ash treatments in the sandy 
soil, whereas with the sandy loam a significant depression was only 
recorded at the highest ash addition (Wong and Wong, 1986). 
I could conclude from the literature, cited above, that 
sufficient work has been done in the field of impact of SOj and fly ash 
on the growth of the plants. However, the experiments included in this 
thesis have been planned in such a way that could provide natural 
conditions where the ambient air is added with limited quantity of these 
pollutants whose level is very much close to that of the vicinity of the 
thermal power station. Moreover, the crops of rape seed and sunflower 
are also grown by the farmers of this area. 
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MATERIALS AND METHODS 
3.1 SECTION I 
This section includes experiments conducted to determine the 
impact of SOj and fly ash on growth and productivity of three cultivars 
of rapeseed and in turn the effect of SOj and fly ash on AUernaria 
blight of rapeseed caused by Alternaria brassicicola under different 
treatment conditions. Three cultivars of rapeseed were tested for their 
differential response to SO2 and fly ash. 
3.1.1 Experiment 1 : Impact of SO^ and Alternaria blight on 
growth and productivity of rapeseed 
This experiment was conducted under artificial conditions. 
3.1.1.1 Plant culture and treatment 
Seeds of three cultivars of rapeseed, Brassica campestris 
L.(viz., T-7, TL-85 and TH-68) were surface sterilized for two minutes 
in 0.. 1% HgClj solution followed by washing with sterilized double 
distilled water, at least twice. The surface sterilized seeds were sown in 
clay pots (30 cm in diam.) filled with autoclaved sandy loam field soil 
(66% sand, 24% silt, 8% clay, 2% CM, pH 7.7). After germination, 
seedlings were thinned to maintain three seedling per pot. Plants of 
different varieties (4-leaf stage) were exposed to SOj in the exposure 
chamber using three different concentrations. The plants designated to 
be inoculated with Alternaria brassicicola were inoculated with the 
pathogen by the method described later. The following were the 
treatments : 
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3.1.1.1.1 Control Set 
1, B. campestris cv. T-7 
B. campestris cv. TL-85 
B. campestris cv. TH-68 
2. B. campestris cv. T-7 + Alternaria brassicicola 
B. campestris cv. TL-85 + A. brassicicola 
B. campestris cv. TH-68 + A. brassicicola 
3.1.1.1.2 Sets exposed with different levels of SOj and Alternaria 
brassicicola 
(i) B. campestris cv. T-7 + SOj (142.85 ligm-^) 
B. campestris cv. TL-85 + SOj (142.85 M-gm"^ ) 
B. campestris cv. TH-68 + SOj (142.85 Rgm'^ ) 
(ii) B. campestris cv. T-7 + SOj (142.85 iigm'^) + .4. brassicicola 
B. campestris cv. TL-85 + SOj (142.85 fxgm-^ ) +/1. brassicicola 
B. campestris cv. TH-68 + SOj (142.85 iigm"^) +^4. brassicicola 
(Hi) B. campestris cv. T-7 + SOj (285.71 |igm-^) 
B. campestris cv. TL-85 + SOj (285.71 M-gm'^ ) 
fi. campestris cv. TH-68 + SOj (285.71 i^grn-^ ) 
(iv) B. campestris cv. T-7 + SOj (285.71 ngm'^) + A. brassicicola 
B. campestris cv. TL-85 + SOj (285.71 )igm-^) + .4. brassicicola 
B. campestris cv. TH-68 + SOj (285.71 jigm-^) + A. brassicicola 
(v) B. campestris cv. T-7 + SOj (571.43 ^igm'^ ) 
B. campestris cv. TL-85 + SOj (571.43 tigm'^) 
B. campestris cv. TH-68 + SOj (571.43 ^gm'^) 
(vi) 5. campestris cv. T-7 + SOj (571.43 ^igm'^ ) + A. brassicicola 
B. campestris cv. TL-85 + SOj (571.43 Hgrn^ )^ -^ A. brassicicola 
B. campestris cv. TH-68 + SOj (571.43 ngm-^) -^ A. brassicicola 
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3.1.1.2 Exposure and doses 
For exposure, pots were arranged inside the exposure chamber, 
according to factorial randomized block design. 7'hree-weeks-old 
seedlings, grown in the pots and designated to receive SO2 treatment 
were exposed to SOj on every alternate day for three hours. The 
exposure was continued till the termination of the experiments, after 
120 days. The concentrations of SOj used were 142.85, 285.71 and 
571.43 |agm" .^ Air flow rate 2.0 to 2.15 mS''. Ambient concentrations 
of SO2 were 8.3±2.6 ppb. 
3.1.1.3 Exposure chamber 
Dynamic State Exposure Chamber (Standard Appliances, 
Varanasi, India) designed for continuous exposure of test materials for 
short or long durations of time to a mixture of air + gaseous 
pollutant(s), blowing through the chamber was used in the study 
(Fig. 1). The chamber was made up of transparent Incite sheets with a 
height of 120 cm and 8100 cm^ cross sectional area. Lucite sheets were 
fixed in aluminium sections, which were coated with hard paint. The 
front of the chamber was provided with door in order to facilitate easy 
handling of test materials inside the chamber, while the bottom plate 
had several perforations with nozzles for smooth flow of thoroughly 
mixed air and pollutant gas. A meshed partition tray was placed 60 
cm above the bottom plate in order to provide sufficient space for 
exposure of potted plants. Desired rate of air circulation through the 
chamber was set by electric regulator, the control pannel, which 
controlled the input voltage to the electric blower. The air or air + 
!^ 
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gaseous pollutant mixture was injected through injection part, which 
entered the chamber from the perforated base and passed out through an 
exhaust duct located at the top of the chamber. The plants for treatment, 
in pots, were kept in the exposure chamber and exposed for a desired 
length of time. 
3.1.1.4 SO2 generation 
SO2 was generated in a generator which produced SOj gas by 
the action of sulphuric acid (HjSO^) on sodium sulphite (NajSOj) 
under controlled reaction conditions. The amount of Na2S03 and H2S0^ 
discharged from the reagent bottles mounted over the SO2 generator 
was determined by collecting the solution dropping through capillary 
tube in a graduated cylinder for sometime and expressing the rate in 
ml/min. On the basis of flow rate, solution of sodium sulphite (Na2S03) 
and sulphuric acid (10%) was prepared to produce required amount of 
SO2 gas/min. On complete reaction IM Na2S03 produces IM SO2 or 
126 mg Na2S03 produces 64 mg SO2. 
Na2S03 + H2SO4 > SO2 + Na2S04 + H2O 
10% H2SO4 solution was used for all the working solutions of Na2S03. 
For determining the concentration of SO2 during the exposure 
period, samplings were done by a handy air sampler (Kimoto 
Electricals, Japan) and analysed in the laboratory. The concentration of 
SO2 in the sampled air was determined by West and Gaeke (1956) 
method as prescribed by National Environmental Engineering Research 
Institute, Nagpur, India in its Air Quality Monitoring Course Manual 
(Anon, 1986). Blower of the exposure chamber was run at constant 
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voltage (180 V) because at different voltages, the quantity of air blown 
into the chamber varied, which could change the desired concentrations 
of SO2. Furthermore, as a precautionary measure, sampling was done 
after every 8 days and sample was again analysed in laboratory. Air flow 
rate ranged from 2.0 to 2.15 mS'^ which was fast enough to overcome 
aerodynamic resistance. The air (with SOj) inside the chamber was 
being replaced once every 5 seconds, approximately. 
3.1.1.5 Collection of diseased material. 
Leaves of rapeseed showing characteristic symptoms of 
Alternaria blight (Fig. 2) were collected during the cropping season 
from the nearby fields in Aligarh. These naturally infected specimens 
were examined in the laboratory for the presence of the causal 
organism. The symptoms present on the leaves were thoroughly 
observed and characteristics were noted. The leaves were properly 
preserved, labelled and kept in wet and dry forms for further studies 
and future reference. 
3.1.1.6 Isolation and purification of the pathogen 
The leaves with fresh initial spots were selected for isolation 
of the pathogen. They were washed properly with sterilized water. 
Instruments used were also sterilized by 95% methylated spirit. Small 
bits of younger diseased leaf spots along with some healthy tissues 
were cut with the help of a scalpel, dipped in 0.1% HgClj solution for 
about 30 seconds for external disinfection. After that they were washed 
with 3 to 4 changes of sterilized water. Excess moisture were removed 
by putting these pieces pressed in between the folds of sterilized 
Fig. 2. Altemaria blight caused by Alternaria brassicicola on the leaf of Brassica 
campesteris 
35 
blotting paper in the inoculation chamber. The diseased fragments of 
leaves were then transferred to petriplates poured with potato dextrose 
agar (P.D.A.) medium. In each plate, three to four pieces were placed 
approximately at equal distance and then incubated at 25±1°C. As soon 
as, the mycelial growth was seen around the diseased pieces, hyphal tips 
from the advancing mycelia of different petriplates were transferred to 
the culture tubes. 
The culture was purified by single spore technique. A dilute 
spore suspension was poured on plain agar in petriplates and spores 
were allowed to settle down on the agar surfaces. Amount of the 
suspension was adjusted just enough to form a very thin layer over the 
surface of the agar. The spores settled quite apart from each other were 
selected under the microscope, marked and encircled with the help of 
inoculating needle. They were lifted along with agar and transferred to 
the petriplates containing P.D.A. After proper growth of transferred 
single spore, regular subculturing was done to check further 
contamination. After the purification accomplished, pure culture of the 
pathogen was multiplied and maintained on P.D.A. in culture tubes. The 
fungus in question causing the disease was identified as Alternaria 
brassicicola. 
3.1.1.7 Pathogenicity test 
The pathogenicity of the fungus was established following 
Koch's postulates on potted plants of rapeseed cv. T-7, TL-85 and 
TH-68. 
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3.1.1.8 Exposure of Alternaria spores to sulphur dioxide 
The spores of Alternaria brassicicola were exposed to 
sterilized sulphur dioxide in micro-gas exposure cabinets which were 
placed in exposure chambers of 90 x 90 x 120 cm dimensions. The 
micro-gas exposure system consisted of a small air sterilization unit 
and an exposure cabinet (Fig. 3). The sterilization unit had a compact 
suction pump and a filtering device, fitted to the inlet of the pump. The 
filtering material prevented entry of any fungal and bacterial spores in 
the exposure cabinet. The exposure cabinet (33x26x3 cm) was made of 
transparent glass-fibre. The cabinet had a removable upper cover and 
one inlet and one outlet. The outlet of the sterilization unit was 
connected to the inlet of the cabinet. The sulphur dioxide mixed with 
air in exposure chamber was sterilized by micro-exposure system and 
hence the sulphur dioxide was used to fumigate the spores of A. 
brassicicola. 
Spore suspension of 4^. brassicicola was prepared by blending 
mycelial mats (from a pure culture) in 1000 ml of sterilized water in an 
electric blender. Sterilized petriplates of 3 cm diameter containing 
slides were placed in micro-gas cabinet to expose spore suspension to 
sulphur dioxide at 142.85, 285.71 and 571.43 jxg m'^  for 3 and 6 h. The 
control (unexposed) set, petriplates with spore suspension was exposed 
to sterilized ambient air (2 m/sec^) for 3 and 6 h. After completion of 
the desired exposures, the plates containing spore suspension was 
covered and incubated for 48 h, in a B.O.D. incubator at 25±2°C. All 
the slides were placed on a glass triangle and kept in petriplates 
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containing sterilized water, at ttie bottom. Five plates were maintained 
for each treatment. After incubation^the plates were examined under 
compound microscope and 100 conidia were considered to determine 
their germination percentage of various treatments. 
3.1.1.9 Parameters 
The following parameters were determined for each treatment 
of the experiment : 
1. Length of shoot and root, at harvest 
2. Fresh and dry weight of shoot and root, at harvest 
3. Number of flowers per plant, at 80 days,after sowing 
4. Number of pods per plant, at harvest 
5. • Pigment content of the leaves (chl. a, chl. b, total chlorophyll and 
carotenoids) at 60 days^after sowing 
6. Nitrogen, phosphorus, potassium and sulphur content in leaves at 
60 days, after sowing 
7. Oil content of the seeds (%) 
8. Seed yield per plant 
The methods for determining the above mentioned parameters 
are described in detail below. 
3.1.1.10 Plant growth and yield 
A few hours before termination of the experiment, an excess 
amount of water was added to the pots to soften the soil for easy 
uprooting of the plants without excessive root loss. Uprooted plants, 
from different treatments, were kept in labelled polythene bags, and 
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brought to the laboratory. Thereafter, the length of the shoot and root 
was measured. Dry weight of the plants was determined by wrapping 
plants in labelled blotting sheets and dried in hot air oven at 60°C for 
24 h and weighed. The number of flowers was counted at 80 days, after 
seed sowing. Number of pods/plant and number of seeds/plant were 
counted, before dry weight was taken to determine the yield in each 
treatment. 
3.1.1.11 Plant analysis 
Leaf samples of the three cultivars of rapeseed, used in the 
experiment, were collected at 60 days after sowing for estimating 
chlorophyll, carotenoid, nitrogen, phosphorus, potassium and sulphur 
contents and at harvest, oil contents of seeds. 
3.1.1.11.1 Estimation of leaf pigments 
Leaf pigments (chlorophyll a, b, total chlorophyll and 
carotenoids) were determined by grinding 1 g of fresh leaves from 
interveinal areas in 40 ml of 80% acetone with the help of mortar and 
pestle. The suspension was decanted in Buchner funnel having two 
Whatman filter paper No. 1. Then filtration was done with the help of 
suction pump. The residue was ground thrice by adding acetone. The 
suspension was decanted in Buchner funnel and filtered in vaccum. At 
last, mortar and pestle were rinsed with acetone, transferred in Buchner 
funnel and filtered. The filtrate was transferred to 100 ml volumetric 
flask and the volume was made upto the capacity by adding acetone. 
Optical density (O.D.), by spectrophotometer, was read at 480 nm and 
510 nm for carotenoids and 645 and 663 nm for chlorophyll. 
39 
Carotenoids and chlorophyll contents were calculated by using the 
following formulae : 
7.6 X (OD. 480) - 1.49 (O.D. 510) 
Carotenoids = 
d X 1000 X W 
V 
Chlorophyll 'a' = 12.7 (O.D. 663) - 2.69 (O.D. 645) x 
1000 X W 
V 
Chlorophyll 'b' = 22.9 (O.D. 645) - 4.68 (O.D. 663) x 
1000 X W 
V 
Total Chlorophyll = 20.2 (O.D. 645) + 8.02 (O.D. 663) x 
1000 X W 
d = Length of the light path 
V = Total volume of the chlorophyll solution 
W = Fresh weight of the leaf 
3.1.1.11.2 Estimation of nitrogen, phosphorus, potassium and 
sulphur contents 
3.1.1.11.2.1 Digestion of powder 
Fifty mg of the leaf dry powder was taken in a Kjeldhal flask (100 
ml) and 1 ml of concentrated sulphuric acid was pipetted into it, 
followed by heating on a digestion assembly for 2 h. 0.5 ml of 
chemically pure HjOj (30%) was added after the flask cooled down. 
The solution was heated again for 30 min. till the colour changed from 
black to light yellow, The flask was cooled for 15 min. and an additional 
amount of 3-4 drops of H2O2 (30%) was added, followed by gentle 
heating for another 15 min. to get a clear and colourless solution. At 
this stage, excess of HjOj was avoided as it would oxidise ammonia in 
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the absence of organic matter. The peroxide digested material was 
transferred to a volumetric flask (50 ml) with three washings with 
distilled water. The final volume was made upto the mark with distilled 
water. 
3.1.1.11.2.2 Nitrogen content 
The nitrogen content in the leaf samples was estimated according 
to the method described by Lindner (1944). Five ml of the peroxide 
digested material was transferred to a 25 ml volumetric flask. Two ml 
of 2.5N NaOH and 1 ml of 10% sodium silicate were added to the flask 
to neutralize the excess of acid and to prevent turbidity. Volume was 
made upto the mark with distilled water. Five ml of this sample was 
pipetted into a 20 ml graduated test tube to which 0.5 ml of Nessler's 
reagent was added dropwise, with repeated shakings. The final volume 
was made upto 10 ml with distilled water. After waiting for 5 min., to 
get optimum colour development, per cent transmittance of the solution 
was read at 525 nm on a spectrophotometer. A blank consisting of 
Nessler's reagent and distilled water was run simultaneously with each 
set of samples. Standard curve was plotted by using known graded 
dilutions of ammonium sulphate solution. The optical density of each 
sample was compared with that on the calibrated curve and per cent 
nitrogen in each sample was noted on dry weight basis. 
3.1.1.11.2.3 Phosphorus content 
Phosphorus content was estimated by the method of Fiske and 
Subba Row (1925). Five ml of the digested peroxide solution was taken 
in a 20 ml graduated test tube and 1 ml of molybdic acid was added 
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carefully followed by addition of 0.4 ml of 1 amino-2-naphthol-4-
sulphonic acid. The colour of the solution turned blue. Distilled water 
was added to make the final volume upto 10 ml. The per cent 
transmittance was read at 620 nm on spectrophotometer. A blank 
(control) was also run simultaneously with each set of samples. The 
standard curve was plotted by using known gradual concentrations of 
monobasic potassium phosphate solution. The optical density of the 
unknown samples was compared with that of the standard curve to 
calculate the per cent phosphorus contents. 
3.1.1.11.2.4 Potassium content 
Potassium content in the digested material of leaf was estimated 
directly by flame photometer using potassium filter. A blank of distilled 
water was run side by side. The reading was compared with a calibration 
curve plotted by using known graded dilutions of a standard potassium 
chloride solution. 
3.1.1.11.2.5 Sulphur content 
Sulphur was estimated by adopting the methdology of Patterson 
(1958). One hundred mg oven dried leaf powder was digested with 0.1 
ml of 8.2% selenium dioxide solution, 10 ml nitric acid, 1 ml 
hydrochloric acid and 5.8 mg NaCI for 20-30 min., followed by 
evaporation to dryness. To the hot residue, 2 ml of 2.9 N HCl was added 
and the mixture was re-evaporated to dryness. The last treatment was 
repeated twice to ensure reduction of nitrates. Finally, 25 ml distilled 
water and 1 ml of 2.9 N HCl were added. The contents were allowed to 
boil followed by filtration. The filtrate was collected in a 100 ml 
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volumetric flask to which 10 ml of 3% glycerol and 5 ml of 2% barium 
chloride in 2% HCl were added. The volume of the flask was made upto 
the mark with D.D.W. The reading was recorded, after maximum colour 
development, at 420 nm, using a blank, with the help of 
spectrophotometer. The reading of each sample was compared with the 
standard curve. 
3.1.1.11.3 Oil analysis 
The seed samples was crushed to get a final meal for extracting the 
oil, after separating them from extraneous material. 
3.1.1.11.3.1 Determination of oil content 
25 gm of grind seeds, meal were transferred to a soxhlet apparatus 
and sufficient quantity of petroleum ether was added. The apparatus was 
kept on a hot water bath running at 60°C for about 6 h, for complete 
extraction of the oil. The petroleum ether from the extracted oil was 
evaporated. The extracted oil was expressed as a percentage by mass of 
the seeds and calculated by the following formula : 
100 X m 
m° 
where, m = Sum of the mass in grams of oil 
m° = Seed samples in grams 
3.1.1.12 Statistical analysis 
The experimental data was analysed statistically by following the 
standard procedures laid down by Gomez and Gomez (1984). The 'F' test 
was applied to assess the significance of the data at 5% level of 
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probability. Critical difference (CD.) was calculated to compare the 
effect of various treatments, varieties and their interactions .using the 
following formula : 
Standard Error x 2 
C D . = X t (value) 5% 
Replicates 
3.1.2 Experiment 2 : Impact of fly ash as soil amendment and 
Alternaria blight on growth and productivity of rapeseed 
This experiment was conducted to determine the effect of fly 
ash amendment to the soil and Alternaria blight on growth and 
productivity of rapeseed. 
3.1.2.1 Source of fly ash 
Fly ash used in the experiment was obtained from the thermal 
power plant, Kasimpur (Fig. 4). The thermal power plant at Kasimpur 
(530 MW capacity) consumes daily 3192 MT bituminus type coal. The 
field soil and fly ash were mixed in requisite quantities to obtain 
different levels of fly ash i.e. 20, 40, 60, 80 and 100%. The field soil 
(without addition of fly ash) served as control. The mixture of soil and 
fly ash were filled in clay pots (30 cm diam.) and the pots were 
autoclaved. Surface sterilized seeds of four varieties of sunflower were 
sown in the pots placed in glass house. The following treatments were 
used in the experiment. 
3.1.2.2 Amendment of soil with fly ash 
The sandy loam soil used'in the experiment, contained 66, 24 
and 8% sand, silt and clay particles and 2% OM, pH 7.7^respectively. 
Fig. 4. Source of Fly Ash, Thermal Power Plant^Kasimpur, India 
1. 
2. 
3. 
4. 
5. 
6. 
Contri 
20% 
40% 
60% 
80% 
100% 
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The field soil and fly ash were mixed together (wt/wt) in 6 proportions 
i.e. 0, 20, 40, 60, 80 and 100%. 
trol (%) = 1000 g soil + No fly ash 
= 800 g soil + 200 g fly ash 
= 600 g soil + 400 g fly ash 
= 400 g soil + 600 g fly ash 
= 200 g soil + 800 g fly ash 
= No soil + 1000 g fly ash 
After properly mixing the fly ash with soil, pots (30 cm in 
diam.) were filled with one kg of each type of mixture (soil or/and fly 
ash). The pots were autoclaved at 20 lb for 20 min. Each treatment was 
replicated three times. 
3.1.2.3 Fly ash analysis 
Fly ash obtained from the thermal power plant, Kasimpur was 
analysed to determine the following: 
1. pH was measured by pH meter and electrical conductivity (EC) 
by electrical conductivity meter (Elico Co. Ltd; Hyderabad, India) 
in the extract from 1:1 fly ash/water suspension (w/v). 
2. The texture of fly ash in relation to particle size was determined 
by hydrometer method (Allen et al. 1974). 
3. Total organic carbon was estimated by Degtjareff method 
(Walkley and Black, 1934). 
4. Total nitrogen was determined by micro-Kjeldahl method (Nelson 
and Sommers, 1972). 
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5. Total phosphorus was estimated by molybdenum blue method 
(Allen et al., 1974). 
6. Heavy metal contents in soil and fly ash were analysed ]by mixed 
acid digestion using cone. HNO3, cone. HjSO^ and HCIO4 
followed by atomic absorption spectrophotometry (Allen et al., 
1974). 
3.1.2.4 Plant culture and treatment 
Surface sterilized seeds of three cultivars of rapeseed 
Brassica campestris L. (viz., T-7, TL-85 and TH-68) were used in the 
experiment. Plants designated to be inoculated with Alternaria 
brassicicola were inoculated according to the treatment. Inoculation 
method was same as given in the experiment 1. All the other 
agricultural practices were same as in experiment 1. The following were 
the treatments. 
3.1.2.4.1 Control set 
(i) Brassica campestris cv. T-7 + fly ash (0%) 
B. campestris cv. TL-85 + fly ash (0%) 
B. campestris cv. TH-68 + fly ash (0%) 
(ii) B. campestris cv. T-7-I- fly ash (0%) 4- A. brassicicola 
B. campestris cv. TL-85 + fly ash (0%) + A. brassicicola 
B. campestris cv. TH-68 -I- fly ash (0%) + A. brassicicola 
3.1.2.4.2 Sets treated with different levels of fly ash and 
Alternaria brassicicola 
(i) B. campestris cv. T-7-I- fly ash (20%) 
. B. campestris cv. TL-85 + fly ash (20%) 
B. campestris cv. TH-68 + fly ash (20%) 
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(ii) B. campestris cv. T-7+ fly ash (20%) + A. brassicicola 
B. campestris cv. TL-85+ fly ash (20%) + A. brassicicola 
B. campestris cv. TH-68 + fly ash (20%) + A. brassicicola 
(iii) B. campestris cv. T-7+ fly ash (40%) 
B. campestris cv. TL-85 + fly ash (40%) 
B. campestris cv. TH-68 + fly ash (40%) 
(iv) B. campestris cv. T-7-I- fly ash (40%) + A. brassicicola 
B. campestris cv. TL-85 + fly ash (40%) + A. brassicicola 
B. campestris cv. TH-68 + fly ash (40%) + A. brassicicola 
(v) B. campestris cv. T-7-1- fly ash (60%) 
B. campestris cv. TL-85 -I- fly ash (60%) 
B. campestris cv. TH-68 + fly ash (60%) 
(vi) B. campestris cv. T-7-f- fly ash (60%) + A. brassicicola 
B. campestris cv. TL-85-I- fly ash (60%) + A. brassicicola 
B. campestris cv. TH-68 + fly ash (60%) + A. brassicicola 
(vii) B. campestris cv. T-7-1- fly ash (80%) 
B. campestris cv. TL-85 + fly ash (80%) 
B. campestris cv. TH-68 -I- fly ash (80%) 
(viii) B. campestris cv. T-7+ fly ash (80%) + A. brassicicola 
. B. campestris cv. TL-85H- fly ash (80%) + A. brassicicola 
B. campestris cv. TH-68 + fly ash (80%) + A. brassicicola 
(ix) B. campestris cv. T-7-f- fly ash (100%) 
B. campestris cv. TL-85 + fly ash (100%) 
B. campestris cv. TH-68 + fly ash (100%) 
(x) B. campestris cv. T-7-t- fly ash (100%) + A. brassicicola 
B. campestris cv. TL-85-f- fly ash (100%) -I- /I. brassicicola 
B. campestris cv. TH-68 -I- fly ash (100%) + A. brassicicola 
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3.1.2.5 Parameters 
The following parameters were considered. 
1. Length of shoot and root, at harvest 
2. Fresh and dry weight of shoot and root, at harvest 
3. Number of flowers per plant at 80 days, after sowing 
4. Number of pods per plant, at harvest 
5. Pigment content of the leaves (chl. a, chl. b, total chlorophyll 
and carotenoids) at 60 days, after sowing 
6. Nitrogen, phosphorus, potassium and sulphur contents in leaves 
at 60 days^ after sowing 
7. Oil contents of the seeds (%) 
8. Seed yield per plant. 
The same methods were used for determining the above 
mentioned parameters as in experiment 1. 
3.1.3 Experiment 3 : Impact of fly ash dusting and Alternaria 
blight on growth and productivity of rape seed 
This experiment was conducted to study the foliar application 
of fly ash and Alternaria blight on growth and productivity of rape 
seed. 
3.1.3.1 Fly ash application 
The fly ash used in the present study was obtained from the 
thermal power plant, Kasimpur. Dusting of fly ash was done with ASPEE 
Plastic duster (American Spring and Pressing Works, Pvt. Ltd., 
Bombay) delivering fly ash particles uniformly. For applicaiton, potted 
plants of the treatments were placed in a metersquare area and 2, 5 and 
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8 g of fly ash was dusted over the pots every day according to the 
dosage of the treatment. The application was continued upto 60 days. 
To prevent fly ash from being deposited on the soil surface in pots, 
before dusting of fly ash, the pots were kept in polythene bags and the 
upper part of each bag was tagged with the plants with the help of rubber 
band. Plants were watered by removing the rubber band, and exposing 
the soil surface as and when required. Plants receiving no fly ash served 
as control. 
3.1.3.2 Plant culture and treatment 
Surface sterilized seeds of rapeseed cultivars {Brassica 
campestris L. viz. T-7, TL-85 and TH-68) were used in the experiment. 
Plants designated to be inoculated with Alternaria brassicicola were 
inoculated according to the treatment. Inoculation and other agricultural 
practices were same as in experiment 1. The following treatments were 
used in the study. 
3.1.3.2.1 Control set 
(i) B. campestris cv. T-7 + 0 g fly ash day"^  
B. campestris cv. TL-85 -1- 0 g fly ash day" 
B. campestris cv. TH-68 + 0 g fly ash day 
(ii) B. campestris cv. T-7 -I- 0 g fly ash day' -I- A. brassicicola 
B. campestris cv. TL-85 -f- 0 g fly ash day ' -h A. brassicicola 
B. campestris cv. TH-68 -h 0 g fly ash day' + A. brassicicola 
.1.3.2.2 Sets with foliar application of fly ash and A. brassicicola 
(i) , B. campestris cv. T-7 + 2 g fly ash day' 
B. campestris cv. TL-85 + 2 g fly ash day' 
,-1 
,-1 
3 
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B. campestris cv. TH-68 + 2 g fly ash day"^  
(ii) B. campestris cv. T-7 + 2 g fly ash day"' + A. brassicicola 
B. campestris cv. TL-85 + 2 g fly ash day' + A. brassicicola 
B. campestris cv. TH-68 + 2 g fly ash day ' + A. brassicicola 
(iii) B. campestris cv. T-7 -I- 5 g fly ash day' 
B. campestris cv. TL-85 + 5 g fly ash day"^  
B. campestris cv. TH-68 -I- 5 g fly ash day' 
(iv) B. campestris cv. T-7 -I- 5 g fly ash day' + A. brassicicola 
B. campestris cv. TL-85 -F 5 g fly ash day' 4- A. brassicicola 
B. campestris cv. TH-68 -I- 5 g fly ash day' + A. brassicicola 
iy) B. campestris cv. T-7 -h 8 g fly ash day' 
B. campestris cv. TL-85 -f- 8 g fly ash day"' 
B. campestris cv. TH-68 -I- 8 g fly ash day' 
(vi) B. campestris cv. T-7 -I- 8 g fly ash day ' + A. brassicicola 
B. campestris cv. TL-85 -I- 8 g fly ash day' + A. brassicicola 
B. campestris cv. TH-68 -h 8 g fly ash day' -I- A. brassicicola 
3.1.3.3 Parameters 
The following parameters were considered. 
1. . Length of shoot and root, at harvest 
2. Fresh and dry weight of shoot and root, at harvest 
3. Number of flowers per plant at 80 days^ after sowing 
4. Number of pods per plant, at harvest 
5. Pigment content of the leaves (chl. a, chl. b, total chlorophyll 
and carotenoids) at 60 days^ after sowing 
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6. Nitrogen, phosphorus, potassium and sulphur contents in leaves 
at 60 days after sowing 
7. Oil content of the seeds (%) 
8. Seed yield per plant. 
The same procedures were adopted as given in the experiment 1 
for the determination of the above parameters. 
3.2 SECTION II 
This section includes experiments conducted to determine the 
impact of SOj and fly ash on growth and productivity of sunflower. Four 
cultivars of sunflower were tested for their differential response to 
SO^. 
3.2.1 Experiment 1 : Impact of SOj on growth and productivity 
of sunflower 
3.2.1.2 Exposure and doses 
Same procedure was adopted for exposing the plants to SOj as 
described for rapeseed in Section I (experiment 1). Three doses of SOj 
(142.85, 285.71 and 571.43 jigm'^) were used, as in the case of 
rapeseed. 
3.2.1.2 Plant culture and treatment 
Seeds of four cultivars of sunflower, Helianthus annuus 
L.(viz., Morden, PSF-5, CSFH-778 and NSFH-110) were surface 
sterilized, for two minutes, in 0.1% HgClj solution followed by 
washing with distilled, sterilized water, at least twice. The surface 
sterilized seeds were sown in clay pots (30 cm in diam.) filled with 
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autoclaved sandy loam field soil (66% sand, 24% silt, 8% clay, 2% OM, 
pH 7.7). After germination, seedlings were thinned to maintain three 
seedling per pot. Plants of different varieties (4-leaf stage) were 
exposed to SOj in the exposure chamber. The following were the 
treatments. 
3.2.1.2.1 Control set 
H. annuus cv. Morden 
H. annuus cv. PSF-5 
H. annuus cv. CSFH-778 
H. annuus c\. NSFH-110 
3.2.1.2.2 Exposed set 
(i) H. annuus cv. Morden + SO2 (142.85 iigm"^) 
H. annuus cv. PSF-5 + SOj (142.85 ^igm'^ ) 
>2 
(ii) H. annuus cv. Morden + SO2 (285.71 ngm"^) 
H. annuus cv. PSF-5 + SOj (285.71 ngm'^) 
H. annuus cv. CSFH-778 + SOj (285.71 i^gm"^ ) 
H. annuus cv. NSFH-110 + SOj (285.71 ^igm'^ ) 
(iii) H. annuus cv. Morden + SO2 (571.43 jigm'-') 
H. annuus cv. PSF-5 + SOj (571.43 ngm'^) 
H. annuus cv. CSFH-778 + SOj (571.43 ^igm'^ ) 
H. annuus cv. NSFH-110 + SOj (571.43 ngm'^) 
Each treatment was replicated three times and pots were arranged 
in factorial randomised block design on the glasshouse benches. 
H. annuus cv. CSFH-778 + SOj (142.85 lagm-^ ) 
H. annuus cv. NSFH-110 + SO, (142.85 ^gm'^) 
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3.2.1.3 Parameters 
The following parameters were determined for each treatment of 
the experiment : 
1. Length of shoot and root, at harvest 
2. Fresh and dry weight of shoot and root, at harvest 
3. Fresh and dry weight of floral head, at harvest 
4. Floral head diameter and 100 seed weight, at harvest 
5. Pigment content of the leaves (chl. a, chl. b, total chlorophyll 
and carotenoids) at 60 days,after sowing 
6. Nitrogen, phosphorus, potassium and sulphur content in leaves at 
, 60 days, after sowing 
7. Oil content of seeds (%) 
8. Seed yield per plant. 
The same methods were used for determining the above 
mentioned parameters, as described for rapeseed in the Section I. 
3.2.2 Experiment 2 : Impact of fly ash amended soil on grovcth and 
productivity of sunflower 
The experiment was conducted in glass house, to assess the 
effect of fly ash artificially added to the soil in various proportions on 
the plant growth and productivity of sunflower. Four cultivars of 
sunflower were used in this experiment. 
3.2.2.1 Amendment of soil with fly ash 
Same procedure was adopted as in Section 1 (experiment 2). 
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3.2.2.2 Treatments 
The following were the treatments : 
3.2.2.2.1 Control set 
Helianthus annuus cv, Morden + fly ash (0%) 
H. annuus cv. NSFH-110 + fly ash (0%) 
H. annuus cv. CSFH-778 + fly ash (0%) 
H. annuus cv. PSF-5 + fly ash (0%) 
3.2.2.2.2 Sets treated with different levels of fly ash 
(i) H. annuus cv. Morden + fly ash (20%) 
H. annuus cv. NSFH-110 + fly ash (20%) 
H. annuus cv. CSFH-778 + fly ash (20%) 
H. annuus cv. PSF-5 -I- fly ash (20%) 
(ii) H. annuus cv. Morden -i- fly ash (40%) 
H. annuus cv. NSFH-110 + fly ash (40%) 
• H. annuus cv. CSFH-778 + fly ash (40%) 
H. annuus cv. PSF-5 + fly ash (40%) 
(iii) H. annuus cv. Morden + fly ash (60%) 
H. annuus cv. NSFH-110 + fly ash (60%) 
H. annuus cv. CSFH-778 + fly ash (60%) 
H. annuus cv. PSF-5 + fly ash (60%) 
(iv) H. annuus cv. Morden + fly ash (80%) 
H. annuus cv. NSFH-110 + fly ash (80%) 
H. annuus cv. CSFH-778 + fly ash (80%) 
H. annuus cv. PSF-5 + fly ash (80%) 
(v) H. annuus cv. Morden -f- fly ash (100%) 
H. annuus cv. NSFH-110 + fly ash (100%) 
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H. annuus cv. CSFG-778 + fly ash (100%) 
H. annuus cv. PSF-5 + fly ash (100%) 
Each treatment was replicated three times and pots were 
arranged on the glass house benches in a factorial randomised block 
design. The following parameters were considered : 
1. Length of shoot and root, at harvest 
2. Fresh and dry weight of shoot and root, at harvest 
3. Fresh and dry weight of floral head, at harvest 
4. . Floral head diameter and 100 seed weight, at harvest 
5. Pigment content of leaves (chl. a, chl. b, total chlorophyll and 
carotenoids) at 60 days^after sowing 
6. Nitrogen, phosphorus, potassium and sulphur contents of leaves 
at 60 days^ after sowing 
7. Oil contents of seeds (%) 
8. Seed yield per plant. 
The same methods were used for determining the above 
parameters as described in the Section I. 
3.2.3 Experiment 3 : Impact of fly ash dusting on growth and 
productivity of sunflower 
The present experiment was designed to assess the impact of 
foliage-deposited fly ash on plant growth and productivity of sunflower. 
3.2.3.1 Fly ash application 
The procedure described in section 1 (experiment 3) were 
adopted for fly ash application. 
3.2.3.2 Plant culture ^ ^-^^^^^^J] 
Seedling of sunflower were raised uTautoclaved sandy loam 
field soil (66% sand, 24% silt, 8% clay, 2% OM, pH 7.7) filled in 30 
cm diam. clay pots. After the establishment of seedlings, they were 
thinned to three seedling/pot. The fly ash was applied on three weeks 
old seedlings. Each treatment consisted of three replicates and pots 
were placed on glass house benches in factorial randomised block 
design . 
3.2.3.3 Treatments 
Plants of sunflower were grown in clay pots filled with sandy 
loam soil as in the previous experiment, with fly ash spray. The 
following were the treatments. 
3.2.3.3.1 Control set 
H. anmius cv. Morden + 0 g fly ash day"' 
H. annuus cv. NSFH-110 + 0 g fly ash day"' 
H. annuus cv. CSFH-778 + 0 g fly ash day"' 
H. annuus cv. PSF-5 + 0 g fly ash day"' 
3.2.3.3.2 Sets with foliar application of fly ash 
(i) H. annuus cv. Morden + 2 g fly ash day"' 
H. annuus cv. NSFH-110 + 2 g fly ash day"' 
H. annuus cv. CSFH-778 + 2 g fly ash day"' 
H. annuus cv. PSF-5 + 2 g fly ash day"' 
(ii) H. annuus cv. Morden + 5 g fly ash day"' 
H. annuus cv. NSFH-110 + 5 g fly ash day"' 
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H. annuus cv. CSFH-778 + 5 g fly ash day ' 
H. annuus cv. PSF-5 + 5 g fly ash day' 
(iii) H. annuus cv. Morden + 8 g fly ash day' 
H. annuus cv. NSFH-110 + 8 g fly ash day' 
H. annuus cv. CSFH-778 + 8 g fly ash day' 
H. annuus cv. PSF-5 + 8 g fly ash day' 
3.2.3'4 Parameters 
The following parameters were considered. 
1. Length of shoot and root, at harvest 
2. Fresh and dry weight of shoot and root, at harvest 
3. Fresh and dry weight of floral head, at harvest 
4. Floral head diameter and 100 seed weight, at harvest 
5. Pigment content of the leaves (chl. a, chl. b, total chlorophyll 
and carotenoids) at 60 days,after sowing 
6. Nitrogen, phosphorus, potassium and sulphur contents in leaves 
at 60 daySj, after sowing 
7. Oil content of the seeds (%) 
8. Seed yield per plant. 
The same methods were applied for determining the above 
mentioned parameters, as described earlier. 
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EXPERIMENTAL RESULTS 
4.1 Section I 
4.1.1 Experiment 1: Impact of SOj and Alternaria blight on 
growth and productivity of rapeseed 
4.1.1.1 Effect of SOj on conidial germination of Alternaria 
brassicicola 
At all the three concentrations (142.85, 285.71 and 571.43 
)ig m'^) SOj inhibited conidial germination oiAlternaria brassicicola. 
Conidial germination was maximum in the ambient air (control) but 
their exposure to either of the three concentrations of SOj for 3 or 6 
hours reduced the germination percentage (Table 1). The lowest values 
were recorded in the conidia exposed to the highest cumulative dosage 
of SOj. 
4.1.1.2 Plant growth 
The growth of the plants exposed to graded concentrations of 
the SOj was significantly affected (Tables 2-4). The values for the 
length, fresh and dry weight of the shoot and the root increased as the 
concentration of the SOj was decreased in the chamber from 571.43 to 
142.85 |ig m"^  and differed significantly from each other. The maximum 
values for all the above parameters were, therefore, recorded in the 
control plants (not exposed to SOj). The plants exposed to the highest 
concentration of the SOj (571.43 |j,g m'^) had their shoot and root 
length, fresh and dry weight reduced by about 14, 19, 36 and 28, 24, 
26% over the control, respectively. 
O 
e 
o 
•^ 
eS 
b< 
•<-> C 
e 
o 
<v 
4; 
•a 
O 
o. 
0) 
1«> 
e 
4j 
U 
k. 
4> 
CLi 
B 
•i-t 
R 
S 
1 
« 
U ) 
CN 
m 
VO 
00 
VO 
r*^  
( S 
r^  
> - H 
r>-
00 
^ 
•^ 
r>> 
r f 
vD 
VO 
r<^ 
f S 
t ^ 
m 
• « * 
m VO 
VO 
<n 
1—1 
VO 
m 
«N 
r--
>o 
OX) 
es . 
-2 = 
^ o 
-414 
S H 
»n m CT^ 
«n ^ (S 
00* r>-' Tf 
f s >n --^ 
Tt 00 r-
O ^D 00 
o -H (N >n 
o r~-' Tt 00 
i n - ^ <N 
00 t ^ Tf 
0 
•«« 
* J 
B 
s 
h 
4> 
• 
3 
0 
JS 
0 1 ) ^ 
_ 
M 
|5 
'S 0 
0 
• w 
B 
4> 
CM 
• 0 
B 
cs 
fO 
u 0 
«^  
0 
"3 
4 ; 
E2 
E 
• ••a 
^ ^ 
B 
O 
es 
u 
•** /-
B fO 
u 
B 
u 5 
M 
B 
o 
r<^  m m ro 'O vo >0 'O 
cd 
c 
6 
C4 
«n 
00 
cs 
• * 
I - H 
r ^ 
r^  
<iS 
00 
cs 
m 
-"^^ 
1—1 
r^  
m 
B 
J 3 
6 ed 
«n 
00 
cs 
T f 
^^  
, — 1 
r^  
»r> 
00 
( N 
m 
Tf-
^ 
t ^ 
<o 
(U 
t 3 
• PN 
X 
0 
•a 
VH 
:3 
JCS 
3 
s C/3 
/•^ 
0 
C/D 
'"^ ' 
s 
01) 
B 
4) 
O 
O 
•5 
3 
B 
1-1 
V5 
00 
QO 
B 
E 
JS 
0£ 
B 
V 
o 
o 
x: 
C/5 
OA 
o 
IT) 
M 
00 
Vi 
(N i n O CN 
<N <N <S ' ^ 
O <—I o" ON 
0 \ 
«n 
ON 
ON 
ON 
«n 
d 
00 
I 
H 
ON 
ON 
O '^ 
ON 00 
00 
ON U-i 
r«^  00 
o 
00 
00 
en 
rf 
00 
«n 
00 
I 
H 
> 
en 
00 ON 00 
«n 
ON 
NO m 
m 
NO 
ON «n ON 
1—I TJ" "-H 
Tf NO d 
r^ r~ r^ 
«ri ON Tj-
fn "-I r^ 
00 
00 
NO 
I 
X 
H 
> • 
o 
to 
I 
>0 
ON 
ON OO' 
00 
o 
o 
CO 
NO 
NO 
NO 
m 
O N 
NO 
O N 
00 
NO 
+ 
I 
H 
> > > 
O O O O Q 
l>5 to >1 «0 " ^ 
• t ^ *w^ * » ^ * » ^ \ J 
»>. V. V. V. U 
ON 
d 
00 
OS 
o 
o 
ON 
o 
I -H 
OS 
NO 
o 
o 
m 
d 
00 
+ 
•n 
00 
I 
J 
H 
> • 
03 O 
o 
ON 
OS 
00 
00 
o 
O N 
ON 
OS 
<n 
NO 
1—1 
NO 
NO 
00 
NO 
>n 
CNl 
d 
OS 
+ 
00 
NO 
I 
X 
H 
> • 
ft. O 
• » ^ • ^ * . 
to 0 
(a -p-
C L ?> S a 
NO 
00 
«n 
O N 
NO 
QQ OQ £3Q C X } ^ C Q X Q Q ^ 
NO 
o 
en 
«n 
• n 
00 
ON 
00 
V 
m ON m (N --- m 
d d d 
o 
Q 
U 
u ^ 
^ B 
> 6 ^ 
5 « ^ 
3 Si X 
u H u 
o 
Q 
m «o >o 
Tf rn NO 
^ ^ (vj 
II II II 
U H U 
OS 
00 as 00 
M 
.2" 
on 
V 
o 
o 
C4 
S 
o 
o 
• o 
o 
3 
JS 
JD. 
" a 
rr 
00 
00 
00 
e 
OA 
es 
o 
1/^ 
00 
IT) 
00 
vo vo vo vo 
o 
00 
00 
00 
CO 
m 
o 
CO 
m 
ON 
o 
00 
o 
- H 00 
ON ^ H 
CO m 
O r*^  
r>! vd 
o o 
^ 00 
00 t ^ 
m 
NO 
ON 
NO ^H 
in 
NO 
o m 
NO ^ 
00 00 00 00 
>n 00 m 
<—I » ^ O N 
•^ 0\ «ri 
r g ^ r^ 
NO ON - -
-^ o o 
F ^ I D ^ ^ 
fS ^ -^ 
6 
ON 
NO 
NO 
O 
00 
ON o 
m 
NO 
00 
O N 
en 
00 
o 
NO 
ON 
o 
en 
o 
NO" 
CO 
NO 
o 
CO 
ON 
O 
o 
m 
CO 
00 
CO 
r~ 
CO 
O N 
O 
O 
>n 
00 
00 
ON 
fS 
CO 
ON 
NO 
NO 
CO 
CO 
00 
uo 
ON 
o 
>n 
00 
<n 
00 
ON 
NO 
>n 
o 
Q 
U 
CO i n '—I 
f N • ' t NO 
o d d 
II II 
^ ^ 
is « 
U H U 
»n 
o 
O H 
Q 
U 
NO r - o 
'"t CO 00 
- H - - < N 
to w 
3 Si >< 
U H U 
<n 
00 
> > o 
I 
00 
I + 
I 
H 
> 
1 ^ *«<« v o 
a 
to 
to 
I 
O 
+ 
00 
to O 
+ 
00 
NO 
I 
H 
> > 
03 "^ 
to U 
oq aq oq oqrjq Q Q ^ o q ^ 
CO 
9t 
CO 
S 
J3 
O 
© 
u 
S 
CO 
•w 
o 
o 
V) 
« * -
O 
>» 
0) 
c 
o 
5 
13 
o 
o *: 
E2 
s 
o 
o 
Pi 
S 
on 
•<-» 
o 
o 
x: 
V3 
Oil) 
O 
a. 
"3 
« « -
O 
V 
CO 
en 
O 
A 
s 
CO 
oo 
00 
fSI 
o 
o 
vo ON 
00 
00 
(N 
>n 
"t 
VO o «n 
to 
00 
00 
CO <N fN 
O N 
00 
ro 
00 
O N 
N O 
I—I 
C O 
f*^ 
en 
00 
I 
H 
> • 
o 
00 
00 
ON 
(N 
o r-
t N (N <N fN 
ON 
NO 
O -^ 
ON 
N O 
^ rf" 
ro «n 
^ C O 
ON 
en 
oo 
I 
> 
a 
to 
I-
o 
CO 
00 
NO 
I 
H 
> • 
00 
(N (N (N (N 
O 
NO 
CO CO <N 
O O O W^ 
NO <n Tj- 0 0 
CO CO CO f S 
oo 
O N 
00 
CN 
IT) 
00 
CO CO T t 
00 <N CO 
CO CO CO 
CO 
+ 
I 
H 
>' 
« Q 
• S o 
Q JL. 
JN 
CO 
CS* 
o 
N O 
ON 
O N 
00 
C O 
cs 
ON 
CO 
NO" 
CN 
CO 
d 
CO 
+ 
00 
I 
> 
to o 
CL '^ 
CO 
CN" 
O 
NO 
00 
00 
C O 
C O 
00 
d 
ON 
d 
CO 
+ 
00 
NO 
I 
X 
H 
> • 
CO 
<N" 
CO 
NO 
00 
(N 
ON 
CO 
oq oq 05 oqrt; Q5X Q3TJJ 
CN 
NO 
NO 
CN 
00 
d 
CO 
CO 
CO 
4> 
o 
Q 
U 
CO - H 00 
i-H ,-H .—t 
o d d 
>r> 0 
d 
II 
OH 
• • -> 
Q 
U 
^ P 
^ ^ 
IB 
*-> eO 
- 3 « 
U H 
H 
iKl 
u 
CO ON ^ 
(N (N "n 
^ ^ (N 
U H U 
58 
The varieties differed significantly in their response to SOj 
treatment. However, there was no clear cut supermacy. TL-85 was a tall 
cultivar with highest shoot and root length, whereas, fresh and dry 
weight was maximum in T-7 but was closely followed by TL-85. Their 
interaction with the treatment in the presence or absence of the fungi 
was significant and the highest values were recorded in control plants 
(TL-85 X 0 SO2). 
4.1.1.3 Leaf pigment content 
The exposure of the plants to SOj significantly affected the 
pigment level of their leaves (Tables 5-6). The increase in the 
concentration of SOj, linearly decreased the quantity of chlorophyll a, 
b, total and carotenoids. The response of the cultivars was also 
significant, except for carotenoids. In general, TL-85 possessed larger 
quantities of these pigments. The interaction effect of the cultivars and 
the treatment was significant for their chlorophyll contents and was 
maximum in control plants, 
4.1.1.4 Leaf nutrient content 
The per cent level of nitrogen, phosphorus, potassium and 
sulphur in the leaves of the plants exposed to SOj was significantly 
affected (Tables 7-8). The contents of all the nutrients decreased with 
an increase in the concentration of the SOj (142.85 to 571.43 .^g m"'') 
but that of sulphur increased. The control plants, grown without being 
exposed to SOj, possessed 23%, 14% and 14% more N, P and K in their 
leaves, respectively than those exposed to the highest SOj 
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concentration which got enriched with 10% more S than the control 
plants. 
Among the cultivars, the differences were significant but 
there was no clear cut supremacy in holding the nutrient contents in the 
leaves . The interaction effect between the cultivars and the treatment 
was also significant where the best combination was T-7 x 0 SO2. 
4.1.1.5 Yield characteristics and seed yield 
All the yield determining factors of the inflorescence and the 
seed yield, at harvest, were significantly influenced by the intermittent 
exposure of the vegetative shoot to the three graded concentrations of 
SO2 (Tables 9-10). A linear decrease was recorded in number of 
flowers, pods and seeds per plant with an increase in the concentration 
of SO2 from 0 to 571.43 |ig m"^ . Each treatment differed significantly 
in its effect from one another. The plants exposed to the highest level 
of SO2 lost the flowers, pods and the seeds per plant by 25, 33 and 
15%, compared with the control, respectively. 
The response of various cultivars to the treatment was 
significantly different from each other and TL-85 excelled in all the 
characteristics. The cultivars interacted significantly with the treatment 
where the best combination was TL-85 x 0 SO2. 
4.1.1.6 Oil content 
The per cent oil content of the seeds was also significantly 
affected by the treatment (Table 10). Its level decreased as the SO2 
concentration in the exposure chamber was increased from its zero 
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level. The maximum value was recorded in the seeds of control plants 
and that was 8% more than those exposed to 571.43 |xg m"^  of SOj. 
The cultivars responded differently to the treatment where 
TL-85 possessed the significantly highest value followed by T-7 and 
TH-68. Interaction between the cultivar and the treatment was also 
significant. The combination TL-85 x 0 SOj gave maximum value. 
It is quite prominent from Tables that the values for all the 
above growth and yield characteristics and the oil content were reduced 
in the plants infected with the fungi than the healthy plants (control). 
The ill effect of the fungi was further aggravated by the exposure of the 
plants to SOj where the highest concentration of the treatment (571.43 
|ig m"-') was most injurious. 
4.1.2 Experiment 2 : Impact of fly ash as soil amendment and 
Alternaria blight on growth and productivity of rapeseed 
4.1.2.1 Plant growth 
The amendment of the soil with fly ash, in graded proportions, 
had a significant impact on the growth characteristics both of the shoot 
and the root of the plants (Tables 11-13). An addition of 20, 40 and 
60% of the fly ash significantly improved the length, fresh and dry 
weight of the shoot and the root as compared with the control plants. 
The maximum values were recorded at 40% of the fly ash level but the 
effect was statistically equal to that of 60%. However, in pure fly ash 
(100%) the growth of the plants was significantly poor than the control. 
Among the cultivars, T-7 possessed significantly highest 
values for all the shoot and root characteristics both in the absence or 
V) 
u 
es 
>• 
3 
u 
w' 
u 
J3 
O 
O 
e 
O 
o 
e 
44 
a 
o. 
o 
u 
C 
4) 
O 
O 
oi 
G 
eS 
o 
ft 
«4 
•a 
B 
C 
£ -a 
.4) ^ 
U O 
e 
o 
o 
.e 
1/3 
s? 
J3 
C8 
>% 
c 
«M 
o 
V 
et 
e» 
o 
Q 
B 
eS 
V 
S 
O 
o 
I-H 
o 
00 
fS 
o 
00 
^ 
<N 
^ 
r^ 
IT) 
d 
ro 
m 
d 
• * 
d 
ON 
— o 
«N 
00 
o 
00 
CM 
d 
00 
00 
0 \ 
00 
00 
0\ 
NO 
•<!»•' 
00 
> 
ON 
m 
r^  
NO 
"<* 
o 
VO <s NO 
o\ 
t-~ 
00 
irl 
^M »—< ^H ON 
< N — 
o ro 
fN 
ON 
NO 
rs 
ON 
ON 
0 0 
d 
00 
en 
t-> NO 
ON 
o o 
— 00 
00 
00 
CM 
OO 00 
ON 
d 
00 
00 
, ' 1—1 
> 
I 
8 
o 
CM CNI CN) 
ON 
00 
CM 
00 
o\ 
ON 
CM 
OO 
ON 
ON 
00° 
00 
VO 
^ i: i: 
> 
u 
8 
CO 
CM ^ 
o\ 
00 
— — o 
NO —. 
VO O 
i n - -
o 
o 
NO 
ON 
t ~ 0 0 CO >— 
O 
00 
3d T^ 
ON 
I-
8 
5 ^ 
.to O 
Ci, to 
>n 
d 
1 -
d 
o 
o 
NO 
NO 
O N 
NO 
00 
00 
CM' 
i n 
O N 
CM 
r>4 
O N 
NO 
i n 
OO 
> 
u 
«n 
C 
• * « * 
oq cq 05 aq Tq 
5 
OQ + 
0\ 
in 
00 
-^^  
<N 
in 
ON 
Tf 
ON 
• * 
NO 
cn 
<n 
O 
NO 
CM 
d 
00 
NO 
ON 
NO 
i n 
OO 
NO 
i n 
i n 
0 0 
i n 
m 
00 
NO 
NO 
NO 
00 
NO 
I 
X 
> 
u 
s 
to 
r V) p U 
Oj + 
NO 
O^ 
NO 
CM 
i n 
o 
CM 
>n 
O N 
d 
i n 
o 
d 
OO 
O N 
O N 
O N 
OO 
NO 
CM 
>n 
i n 
c 
ON CM i n 
m d <n 
d d d 
i n 
o 
d 
II 
Q 
U u u, u 
ON VO CO 
NO i n p * 
i n 
o 
Q 
U 
BP 
u E u 
U 
« 
>• 
* • • * 
"3 
w 
V 
V 
f 
« 4 
B 
•"* 
-4-1 
O 
o 
"O 
B 
09 
' ^ i ' 
O 
o 
JS 
V) 
< M 
O 
*s 
^ 
.e 
4) 
J3 
e 
o 
Q 
*** 
o 
in 
<n 
Q 
i« 
•Q 
t 
S 
« 
C 
•o 
g « 
E ^ 
_ JS 
O '41' 
W> «> 
JC -9 
-w u 
4> U 
fc^ 
iti e 
• • 
V 
H' 
,,^ 
B 
Ml 
• J 
,e 
u 
a 
•^ 
o 
o 
oi 
'***• S 
Ml 
'^ '^ 
Xi 
Ml 
• M l 
V 
^ 
X 
C 
o 
o 
JS 
t / j 
B 
E 
4) 
H 
-^> 
s? 
**^  
JB 
e« 
<w< 
o 
V 
M) 
A 
lA 
o O 
6 
cd 
V 
% 
o 
o 
o 
w 
e 
ve 
o 
o 
«s 
o 
B 
es 
4> 
o 
© 
o 
00 
o 
VO 
o 
• * 
o 
M 
o 
/ u 
/ * 
/ > 
• 4 -> 
"3 
U 
ir> 
'^ 
C7\ 
fO 
T t 
00 
T t 
—^  
Ov 
Tj-
•o 
O^ 
fS 
t~ 
oi 
o 
"^  
o>' 
^ 
o\ 
00 
l » H 
00 
m 
• • ^ 
i n 
CM 
1—1 
>n 
-* 
m' 
r<^  
i - M 
o\ 
r^  
r<S 
•* 
^ 
(N 
•* ^ M 
00 
:* 
• * 
ro 
0 \ 
ro 
1 
H 
> • 
o 
.05 
c 
s 53 
o 
03 
wi 
o 
C7\ 
f«^ 
<N 
oo' 
00 
0^ 
00 
m 
>ri 
ON 
<3\ 
VO 
<?^  
m 
"^ 
ON 
• > * 
c-
00 
v£> 
<N 
m 
• — H 
o 
ON 
i - ^ 
^ 
0 \ 
>o 
\o 
«N 
^^  
VO 
m 
f-" 
ro 
^ H 
• * 
00 
en 
^ ' •^ 
VO 
0 0 
m 
>r> 
m 
<N' 
m 
00 
1 
H 
> 
o 
.01 
? 
to 
s <3 
u 
ad 
r* 
00 
00 
ro 
Ov 
r-" 
o 00 
00 
T t 
">* 
0 \ 
t^ 
t 
Ov 
t ^ 
Os 
00° 
>o 
VO 
0 0 
^ H 
Ov 
Ov 
rs i w H 
m 
ON 
1 - ^ 
»-^  
00 
t-> 
m' 
«N 
*—< 
• * 
"^  
vd 
ro 
^^  
ON 
vd 
m 
• •^ 
o 
r>i 
m 
«o 
•—'_ 
o 
Cr% 
00 
so 
1 P P 
>; 
u 
.to 
'C 
tn 
5 S3 O 
Oi 
00 
^^ 
00 
00 
^r\ 
K 
ro 
m 
00 
^ - 4 
t--
00 
m 
t~> 
od 
00 
ON 
t>-
Ov 
t^ 
r-
r^  ON 
^^  
»" ' * 
' * 
T f 
o 
* — 4 
o 
r>-
00 
o 
^^  
t^ 
rt; 
00 
•>H 
^^  
r» 
ON 
V - ^ 
^ H 
VD 
-
ON 
p - H 
• > * ' 
'^^  
+ 
1 
H 
> 
" ^ 
tn O 
c .se 
^ .§ 
^ ^ 
S- S s 5 
Qg ' ^ 
(^ 
o 
00 
r—^ 
m 
K 
ON 
f S 
00 
<N 
NO 
00 
o 
NO 
od 
o 
oo 
t--
00 
V ) 
r-
T f 
vd 
o 
»H-( 
»n 
ON 
>n NO 
r ^ 
o 
^ - 4 
>n 
VO 
m 
^^  
VO 
• * ' 
1 - ^ 
^ - H 
lO 
00 
o 
o 
f l 
r-' 
o 
00 
1 
H 
> 5 
to •? 
C Si 
^5 
S -o Q 
^ ^ 
«5 + 
00 
00 
t^ 
T t 
p - H 
r-~ 
o 
-^ 
od 
, - 4 
T f 
od 
•<* 
•^ 
oo 
.^ 
t-~ 
r--
o 
K-V 
r^  
r f 
>n 
o f—^ 
00 
ON 
• - H 
• t 
P ^ H 
O 
•rm^ 
>n 
"^ . 
<N 
i - H 
VO 
1—< 
^ H 
. • a 
od 
O 
^r% 
VO 
vd 
o 
00 
NO 
i H 
> ^ 
o o 
to •?• 
C -ii 
ex. C 
5 -o 
<3 
^ X 
«5 + 
t^ 
r-« 
r-
^ - 4 
NO 
od 
V ) 
o 
o^  
— < 
ON 
• * 
• * 
od 
ON 
od 
ON 
00 
od 
o 
NO 
<N 
vd 
* - H 
w ^ 
VO 
00 
vd 
rs 
(S 
fS 
w 4 
TT 
m 
CM 
p—« 
NO 
VO 
_J ( N 
C 
s 
p 
o 
II 
ex, 
ci 
U 
<n 
o 
o 
II 
OH 
4 - ' 
c<] 
Q 
U 
f S 00 f N 
<N --< m 
o o o 
II II II 
, , 
^s 
U> 
cr} ^ 
. i !3H 
u E u 
<N r^ r^ 
00 VO - ^ 
»-< o ^ 
II II II 
SP 
1.4 
r j J5 
3 >, X 
cj C o 
>*> 
o 
en 
u 
>• 
"a 
w 
V 
«4 
U 
J3 
-4ii» 
_e 
••* 
o 
o 
u 
"O 
e 
M 
- t^ 
O 
o J3
V) 
V M 
O 
» 
•o 
J3 
• * 
S 
o 
«3 
"5 
^O 
*3 
h. 
•Q 
X 
"O 
e 
03 
J= 
(A 
>, 
c 
•c. 
"tJ 
V 
73 
e 
1^« U u 
. . 
n 
»-< 
V 
H 
.-"•^ 
E 
Ml ^—' 
•<-> 
« 
Oil 
'5 
» 
>> 
u 
•a 
• 4 - * 
O 
o 
OS! 
? ei) 
N a ^ 
•4irf 
A 
01) 
u 
^ 
>, 
u 
"O 
o 
o 
C/3 
-4-1 
e 
e 
- * < 
b. 
H 
y—s 
£ 
Xi 
>> 
C 
tmi 
O 
V 
Ml 
e8 
U9 
o Q 
B 
V 
S 
o 
o 
I - l 
o 
o 
VO 
o 
o 
o 
e 
es 
V 
s 
o 
o 
F ^ 
o 
00 
o 
o 
o 
«s 
o 
/ Vi 
/ « / > 
' -u 
"3 
U 
o\ 
00 
f ^ 
\£) 
>0 
ro 
00 
00 
rn 
>ri 
- .^ 
• * 
o 
<s 
r t 
m ON 
• > * 
ve 
f o 
00 
vO 
00 
CO 
• * 
>/-> 
ro 
f-iH 
ro 
r-' 
m 
m 
00 
o 
rr 
• ^ 
q 
* — 4 
Tl-
t - -
o 
oi 
m 
o 
00 
r«l 
t ~ 
H 
> 
o 
to 
C 
ft. 
s Q 
« j 
«a 
IT ) 
VO 
CO 
o 
ro 
ro 
\o 
>r) 
r i 
>ri 
00 
m 
m 
o 
-tt 
rs 
>ri 
i n 
rW 
t ~ 
<n 
v£) 
ro 
O (N 
en 
m 
• * 
t->-
>ri 
CO 
• * 
—^  
o^ 
ro 
t ^ 
CO 
m 
m 
^^ 
vO 
rO 
VO 
oo 
V-1 
ro 
•n 
00 
1 
H 
> 
t> 
to 
k. 
to 
S' 
s C3 
u 
OQ 
.^ 
<ri 
c<% 
m 
l - H 
CO 
0 \ 
CO 
CO 
vO 
t ^ 
CO 
ON 
00 
CO 
o 
MO 
ro 
( N 
T t 
CO 
uo 
ON 
WO 
CO 
0^ 
00 
(N 
CO 
>n 
q 
>n 
CO 
r^  
•—; 
00 
CO 
CN) 
00 
CO 
• * 
ON 
iri 
CO 
00 
q 
CO 
00 
1 
fC 
p 
> • 
u 
.*) C 
to 
&< 
5 
a 
u 
05 
ON 
Ti-
ro 
•>!r 
"^ 
CO 
o 
v~, 
CO 
r~ 
c-~ 
CO 
ON 
t-~ 
CO 
CO 
CO 
>ri 
(N 
CO 
O 
CO 
d CO 
_ M 
o 
r^  
<N 
•^ 
—^  
ON 
CN) 
U-N 
O 
<s 
CO 
CO 
CO 
CO 
NO 
00 
d 
CO 
CO 
Tl-
d 
CO 
+ 
1 
H 
> • 
o 
(n 
to 
S-
s Q 
V) 
^ 
o 
.5J 
C 
•">• ^ 5 5 
«5 ^ 
Tj -
T 
CO 
<N 
-^ 
CO 
>n 
rt; 
CO 
^ H 
00 
CO 
ON 
r~ 
CO 
o 
CO 
CO 
ON 
-"_ 
CO 
^^ 
-^ 
ON' 
CM 
CO 
t -
>r> 
r^  
VC 
r^  
00° 
«N 
O 
q 
CM' 
CO 
CO 
cs 
CO 
UO 
r t 
00° 
CM 
• * 
00 
<N 
00 
1 
H 
>° 
t> 
to 
C 
^ %> 
ft. 
s Q 
U 
«5 
^ 
8 
••>• O 
5 
•C5 
-«< 
+ 
t ~ 
CO 
CO 
00 
ON 
<N 
»—H 
CO 
CO 
o 
00 
CO 
CO 
r-
co 
00 
CO 
vn 
-^ 
CO 
Tf 
\o 
00 
CM 
_ M 
CO 
>r) 
CM 
o 
'—' 
[->•' 
r4 
ON 
^ 
CO 
IT) 
NO 
CO 
_« 
NO 
00 
<N 
^^ 
q 
00 
CM 
00 
NO 
fC 
H 
> 
u 
to 
S-S Q 
U 
OQ 
^ 
8 
•»«• 
1 
-C5 
^ 
+ 
_ H 
^^^ 
CO 
^^ 
•n 
CO 
' O 
00 
CO 
^^ 
ON 
CO 
CM 
'n 
CO 
SO 
CO 
CO 
0 0 
oo 
ON 
CM 
O 
t — * 
CM 
CO 
NO 
>o 
>ri 
CO 
<o 
00 
CO 
t>~ 
w^ 
CO 
en 
o 
CM 
CO 
C 
s 
q 
d 
II 
Cl, 
d 
u 
i n 
q d 
II 
a. 
• • - * 
rt 
Q 
U 
ON r~ CO 
o q — d d d 
II II II 
u 
•S ISf-
U u, O 
t^ NO ~ 
in •^ OO 
d d d 
II II II 
SP 
ct x: 
3 >, X 
cj E u 
61 
presence of the fungi and TH-68 had the least values. The interaction 
effect was also significant and the best combination was T-7 x 40% fly 
ash. 
The plants infected with Alternaria brassicicola had poor 
growth both of the shoot and the root. However, the effect of the fly 
ash on the growth of the diseased plants was prominent like the healthy 
plants. It may be derived, from the body of the table that the diseased 
plants of the cultivar, T-7 gave a better response than other cultivars 
and that to 40% level of fly ash followed by 60 and 20%. 
4.1.2.2 Leaf pigment content 
The contents of chlorophyll (a and b) were significantly 
increased in the leaves by the fly ash treatment (Tables 14-15). The 
effect of the treatment was significantly different form one another 
where the maximum values were recorded in the plants grown in fly ash, 
at the level of 40 and 60%. However, their level decreased significantly 
at 100% fly ash level as compared with the control (without fly ash). 
The varietal differences were significant but none of the 
cultivars has a clear cut superiority over others in all the pigments. 
However, T-7 had slightly higher values as compared with TL-85 and 
TH-68. 
The leaves of the plants grown in soil and infected with A. 
brassicicola possessed lesser quantities of chlorophyll (a,b and total) 
than the healthy plants. However, the addition of 40 or 60% of fly ash 
to the soil for growing the infected plants generated values very much 
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comparable with those of the healthy plants. The variety T-7 proved best 
and interacted significantly with 40 / 60% of the fly ash. 
4.1.2.3 Leaf nutrient content 
The level of the nutrients (nitrogen, phosphorus, potassium 
and sulphur) in the leaves of 60 day old plants was affected 
significantly by the application of fly ash, as soil amendment (Tables 
16-17). The nitrogen content decreased with an increase level of fly 
ash from 0 to 100%. It was more sharp in diseased plants than healthy 
plants. The contents of P, K and S increased significantly by an increase 
in the quantity of the fly ash. The cultivars differed significantly in 
their nutrient contents, where N and P were maximum in TH-68 and K 
and S in T-7. 
The infected leaves possessed lesser quantities of P, K and S 
than healthy leaves. However, the values increased with the addition of 
any quantity of the fly ash and were more than those of the diseased 
leaves and even more than the control, healthy plants. It gives an 
impression that the ill effect of the fungi on the level of these nutrients 
is not only overcome but improved by the fly ash amendment to the 
soil. 
4.1.2.4 Number of flowers 
The treatment of the fly ash significantly affected the number 
of flowers per plant (Table 18). A maximum value was recorded in the 
plants grown in the soil with 40% fly ash but the value was statistically 
equal to that 60% level. Pure fly ash supported minimum number of the 
flowers per plant. The three cultivars differed significantly in their 
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response. The cultivar, T-7 proved best giving significantly higher 
values than the other two, where TH-68 had the least values. The 
varieties interacted significantly with the treatment and the most 
successful combination was T-7 x 40% fly ash. 
A similar trend was observed in the plants infected with the 
fungi where the decrease in the values because of the infection was 
restored to some extent by the fly ash amendment. It is evident from 
the table that fly ash amendment, at the level of 40 or 60%, improved 
the values over the infected plants but higher doses proved to be 
injurious. This expression was most prominent in variety T-7. 
4.1.2.5 Number of pods per plant and seed yield 
The pod number and the seed yield per plant were affected 
significantly by the fly ash treatment (Tables 18-19). The values for the 
number of pods differed from each other significantly where 40% 
addition of the fly ash proved best and was closely followed by 60%. 
The lowest values were recorded in the plants grown in 100% fly ash. 
The seed yield, at harvest, followed somewhat a similar pattern to that 
of the pods but the plants grown in pure fly ash yielded the seeds 
statistically equal to those grown in pure soil. 
The response of the cultivars to the treatment varied 
significantly. T-7 possessed maximum number of the pods and the seeds 
per plant and the values differed significantly from the others. The same 
variety interacted significantly with 40% fly ash and gave maximum 
values for the number of flowers and the seeds per plant. 
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The number of pods and seed yield per plant was reduced by 
A. brassicicola infection, over the healthy plants. The values, however, 
improved if the soil was amended with fly ash of the level of 40 or 60% 
and they were nearer to those of the healthy plants. These treatments 
interacted best with the cultivar T-7. 
4.1.2.6 Oil content 
The seeds of the plants grown in fly ash amended soil 
exhibited significantly higher values (Table 19) for the oil percentage. 
The maximum, significantly different, level was recorded with 40% 
level of the fly ash. The other treatments generated values comparable 
with those of the control but the least values were noted in 100% fly 
ash. 
The varieties differed significantly in their response and their 
interaction with the treatment. Highest values were noted in T-7 which 
interacted best with 40% fly ash. The seeds of the plants inoculated 
with A. brassicicola had lower percentage of the oil than the healthy 
plants. However, diseased plants responded to fly ash somewhat the 
same way as healthy plants. Maximum values were recorded in T-7 with 
40% fly ash. 
4.1.2.7 Heavy metal content in seeds 
Most of the heavy metals (except iron, manganese and zinc) 
were not detected in seeds of the control and the plants grown in lower 
levels of the fly ash (Table 20). However, all of them were present in 
the seeds of the plants grown in 60, 80 and 100% of the fly ash but 
these values are below the permissible limits. 
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4.1.3 Experiment 3 : Impact of fly ash dusting and Alternaria 
blight on growth and productivity of rapeseed 
4.1.3.1 Plant growth 
The application of graded concentrations of fly ash to the 
foliage of rapeseed plants had a significant impact on all the growth 
characteristics of the shoot and the root (Tables 21-23). Each treatment 
differed significantly from each other in its effect. A quantity of 5 gm 
day"^  increased the length, fresh and dry weight both of the shoot and 
root to a maximum level and was followed by the lower concentration 
of the ash (2 gm day"^. The plants applied with a larger quantity (8 gm 
day') of the fly ash possessed the values significantly below than that 
of the control (0% fly ash). The cultivar T-7 possessed the maximum 
values for length, fresh and dry weight of the shoot as compared to the 
other varieties. However, the values for the root characteristics were 
comparable in all the three cultivars. 
The plants infected with A. brassicicola possessed lower 
values for all the growth characteristics of the shoot and the root. The 
impact of the fly ash on diseased plants was very much similar to those 
of the healthy plants but none of the treatment could generate values 
equivalent to those of the healthy plants. A treatment of 5 gm day' 
proved best. The infected plants of T-7 possessed maximum values for 
all the characteristics and interacted best with 5 gm day ' of fly ash. 
4.1.3.2 Leaf pigment content 
The treatment significantly improved the pigment (a, b and 
total chlorophyll) contents of the leaves (Tables 24-25). Application of 
5 gm day' of the fly ash generated values, which were maximum and 
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significantly different from the other treatments whose values were 
some what comparable. The cultivars did not show any significant 
difference in their leaf pigment contents. 
The pigment contents were sharply reduced in the leaves by 
the infection of the fungi. However, an improvement was noted in their 
level by the application of 5 gm day'^  of fly ash in a comparable way as 
in the healthy plants. 
4.1.3.3 Leaf nutrient content 
The content of nitrogen was significantly affected by the 
treatment (Tables 26-27). A linear decrease in the level of N was 
recorded with an increase in the level of the fly ash, applied to the 
foliage. Therefore, the nitrogen was maximum in the leaves of the 
control plants. The varieties gave a comparable response to the 
treatment. The diseased plants had lower values for all the nutrients, 
compared with the healthy plants but the differences were very 
marginal. 
4.1.3.4 Yield characteristics and seed yield 
Fly ash dusting significantly affected the yield characteristics 
and the seed yield in the rapeseed (Tables 28-29). The values were 
significantly different from each other and the control. A moderate 
quantity (5 gm day"') of the fly ash increased the number of flowers, 
pods and the seed yield per plant to a maximum level followed by 2 gm 
day^ The highest level (8 gm dayO had a negative impact on all these 
characteristics whose values were below than that of the control. The 
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cultivars differed significantly in their response to the treatment. The 
values were maximum in T-7 followed by TL-85 and TH-68. The 
interaction effect was also significant where the combination T-7 x 5 
gm day'^  proved best. 
All the characteristics had poor values in diseased plants, 
infected with A. brassicicola, than healthy plants. However, the 
treatment of the diseased plants with fly ash improved the values 
somewhat in the same ratio as in case of healthy plants but none of the 
value was equal to that of the healthy, control plant. 
4.1.3.5 Oil content 
The treatment did not affect the oil percentage in the seeds 
significantly and did not interact with the varieties significantly. 
However, its level decreased due to the infection with the fungi 
(Table 29). 
4.1.3.6 Heavy metal content in seeds 
Most of the heavy metals (except Fe, Mn and Zn) were not 
detected in the control and the plants dusted with lower quantities of 
the fly ash (Table 30). However, all of them were present in the seeds 
of the plants treated with 8 gm day' of the fly ash but these values are 
very much below the permissible limits. 
u 
> 
3 
u 
"O 
4> 
4> 
CA 
o 
C! 
V 
•*^ 
S 
o 
4> 
S 
> 
el 
.s 
* 
^ 
t<5 
e 
M 
3 -w 
>> *-
«^ a. 
o 
i2 
00 
00 
•o 
<s 
IT) 
00 I 
08 
T3 
E 
OJD 
.e 
«A 
CO 
C 
00 
v> 
M 
4> 
OA 
e Q 
t -
^ 
00 
«n 
<s 
en 
> 
OS 
1—H 
d 
1 — < 
o 
d 
O 
d 
P 
en 
O 
d 
o 
00 
r^  
d 
CO 
00 
d 
VO 
d 
r-
T t 
ON 
(N 
H 
1 
OA 
OA 3 
IH 
o O 
6 
3 
O 
Xi 
U 
S 
3 
1 
CO 
U 
• t - i 
o U 
c 
o l-c 
T3 
c« U 
1/1 
CH 
ClJ 4J 
m 
_ - . _ _ o o _ o _ r ^ 
0 \ 
d 
ON 
d 
o 
d 
Q 
O 
d 
o 
00 
00 
d 
CO 
00 
d 
VO 
VO 
d 
VO 
1—1 
T f 
ON 
f*^ 
Q Q Q Q o N Q m Q v o 
Z Z Z Z ;2 Z '^ "^ "^  
«n _ ON _ «o 
m Q m D '—I Q Q Q Q 
Z Z Z Z "^ ' Z o z f^  
l - H 
o 
o 
1—1 
d 
VO 
CM 
o 
o 
d 
o 
o 
Q 
Z 
o 
o 
o 
d 
CO 
00 
o 
r^ ' 
O 
ro 
d 
00 
o 
VO 
d 
o 
>o 
d 
• ^ 
00 
00 
m 
Q P Q Q ov Q >n Q >n 
z z z' z ^ z <=>• z "^ 
Q - I O Q Q Q Tt 
z z z z - ^ z ' o z ^ 
o 
3 Z N 
68 
4.2 Section II 
4.2.1 Experiment 1 : Impact of SOj on growth and productivity of 
sunflower 
4.2.1.1 Plant growth 
The growth of the plants exposed to varied concentrations of 
SOj had a significant impact (Tables 31-33). There was a significant 
progressive increase in the values for length, fresh and dry weight both 
of the shoot and the root as the concentration of the SOj was decreased 
in the exposure chamber from 571.43 to 142.85 |a,g m'^. The maximum 
values for all the above parameters were, therefore, recorded in the 
control plants (not exposed to SOj). The plants exposed to the highest 
concentration of the SOj (571.43 ^g m'^) had their shoot and root 
length, fresh and dry weight reduced by about 15, 11, 32 and 20, 17, 
15%, over the control, respectively. 
The varieties differed significantly in their response to SOj 
treatment. It may be pointed that Morden was least affected and gave 
maximum values for all the characteristics. However, the lowest values 
were recorded in CSFH-778. The varieties interaction with the 
treatment was non-significant. 
4.2.1.2 Leaf pigment content 
Leaf chlorophyll (a, b and total) and carotenoid contents were 
significantly affected by the treatment (Tables 34-35). The values for 
all the characteristics exhibited a decreasing trend as the SOj 
concentration was increased from 142.85 to 571.43 ^g m"^ . Highest 
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values were recorded in control plants and minimum in the leaves 
exposed to the highest SOj concentration. 
The varieties gave a significantly varied response where 
Morden possessed largest quantities of chlorophyll in their leaves 
whose values were statistically different from the others. It was 
followed by NSFH-110 but CSFH-778 had lowest values. However, 
carotenoid content was maximum in NSFH-110. The interaction effect 
between the varieties and the treatment was non-significant. 
4.2.1.3 Leaf nutrient content 
The per cent level of nitrogen, phosphorus, potassium and 
sulphur in the leaves was significantly affected by the exposure of the 
foliage to the SOj (Tables 36-37). A significant linear decrease in N, P 
and K contents was recorded with an increase in the SOj concentration 
from 142.85 to 571.43 [xg m"^ , however, sulphur content increased. The 
plants grown without being exposed to SOj (control) possessed 30%, 
42% and 45% more N, P and K in their leaves, respectively than those 
exposed to highest SOj concentration (571.43 |ig m"^ ) which got 
enriched with 22% more S than the control plants. The variety x 
treatment interaction proved non-significant. 
4.2.1.4 Yield characteristics and seed yield 
All the yield determining characteristics of the inflorescence 
and the seed yield, at harvest were significantly influenced by the 
intermittent exposure of the vegetative shoot to the three graded 
concentrations of SOj (Tables 38-40). A linear decrease was recorded 
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70 
in the fresh and dry weight of the head, its diameter and seed yield with 
an increase in the concentration of SOj from 0 to 571.43 .^g m"^ . Each 
treatment differed significantly in its effect from each other. However, 
100 seed weight did not show any significant response to the treatment. 
The negative impact of the exposure of the shoot to the highest SOj 
level (571.43 i^g m'^) was of the order of 54%, 46%, 36% and 49% 
reduction in the fresh and dry weight and diameter of the head and seed 
yield over the control, respectively. 
The varieties differed significantly from each other in all of 
the characteristics, except 100 seed weight. Morden excelled in all the 
parameters and produced more seeds than the other three cultivars. The 
interaction effect between the variety and the treatment for all the 
characteristics was non-significant. 
4.2.1.5 Oil content 
Like all the other characteristics the per cent oil content in 
the seeds was also significantly affected by the treatment (Table 40). A 
progressive increase in the SO2 level decreased oil content in a linear 
fashion. The maximum value was noted in the control which was 21% 
more than the plants exposed to 571.43 jag m"'' of SOj (the highest 
concentration) where its level was least. The values in Morden were 
significantly more and differed significantly from the others which had 
comparable values. The varieties interacted non-significantly with the 
treatment. 
71 
4.2.2 Experiment 2 : Impact of fly ash amended soil on growth 
and productivity of sunflower 
4.2.2.1 Plant growth 
The amendment of the soil with fly ash, in varied proportions, 
had an impact on the characteristics both of the shoot and root of the 
plant (Tables 41-43). An increase in the length, fresh and dry weight of 
the shoot and root was recorded in the soil amended with 20, 40 or 
60% of the fly ash. The maximum values were recorded in 40% of the 
fly ash but the effect was statistically equal to that of 60%. However, 
the plants grown in fly ash only had poor growth and the values for 
various parameters were less than the control (i.e. soil with 0% fly 
ash). 
The response of the four cultivars, to the treatment, varied 
significantly. The values for all the characteristics of the shoot and root 
were maximum in the cultivar Morden and were significantly higher 
than the others. It was closely followed by PSF-5^in its response. The 
interaction effect between the treatment and the variety was non-
significant. 
4.2.2.2 Leaf pigment content 
At the time of the sampling, the leaf chlorophylls (a, b and 
total chlorophyll) and carotenoids contents were affected significantly 
in the plants grown with the addition of fly ash to the soil (Tables 
44-45). The addition of lower quantities (20, 40 or 60%) of the fly ash 
to the soil increased the values of all these characteristics significantly, 
over the control (0% fly ash). The effect of all the three levels differed 
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significantly from one another, however, the plants grown with 40% fly 
ash possessed maximum quantities of these pigments in their leaves 
followed by 60% and 20%. However, the amendment of the soil with 
larger quantities of fly ash or in pure fly ash (100%) resulted in the 
decrease of these pigments below than that of the control (0% fly ash). 
The varietal differences with regard to their response to the 
fly ash were significant (Tables 44-45). Largest quantities of all the 
pigments was present in Morden. However, CSFH-778 possessed the 
least quantities of the chlorophylls but the carotenoid content was 
minimum in PSF-5. The interaction effect between the treatment and 
the variety was non-significant. 
4.2.2.3 Leaf nutrient content 
Sulphur, phosphorus, potassium and nitrogen contents, at the 
level of the leaves, of the plants grown with fly ash varied significantly 
(Tables 46-47). The per cent increase in the fly ash, i.e. from 0 to 100% 
increased the contents of sulphur, phosphorus and potassium, therefore, 
the maximum values were recorded in the plants grown in pure fly ash 
(100%). However, a reverse trend was noted in case of nitrogen where 
its level was significantly higher in the plants grown in the soil only 
and exhibited a decreasing trend with an increase in the ash content. All 
the cultivars exhibited a comparable response and also interacted non-
significantly with the treatment. 
4.2.2.4 Yield characteristics, seed yield and oil content 
The amendment of the soil with fly ash had a significant 
impact on the characteristics of the inflorescence (head), the seed 
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73 
weight and seed yield, at harvest (Tables 48-50). The soil having 40% 
fly ash increased the fresh and dry weight of the head and the seed yield 
to a maximum level but was comparable with that of 60% fly ash. 
However, the diameter of the head and 100 seed weight was highest in 
60% and was statistically equal to that of 40% fly ash. The plants grown 
in pure fly ash produced the weakest heads, therefore, had lowest values 
for all the characteristics. The seed yield increased by about 18% in the 
plants grown with 40% fly ash over that of 0% fly ash. The per cent oil 
content did not give any significant response to the treatment 
(Table 50). 
The varieties gave a response significantly different from 
each other (Tables 48-50). Highest values were recorded in Morden for 
all the characteristics, including seed yield followed by NSFH-110, 
PSF-5 and CSFH-778, in that order. The interaction effect between the 
variety and the treatment was non-significant in all the cases. 
4.2.2.5 Physico-chemical characteristics of the soil, amended 
with fly ash 
The fly ash was amended into the sandy loam soil in a graded 
manner. This progressively increased soil porosity, water holding 
capacity, electrical conductivity, C.E.C., sulphate, carbonate, 
bicarbonate, chloride, phosphorus, potassium and calcium contents in a 
linear manner with an increase in the level of fly ash from 0 to 100% 
(Table 51). However, nitrogen percentage decreased and reached to 
negligible extent at 80 and 100% of the fly ash level. The acidic pH of 
the sandy loam soil (6.6) increased progressively with an increase in 
fly ash and was alkaline in pure fly ash (8.9). 
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4.2.2.6 Heavy metal content in fly ash and soil 
The fly ash and soil were analysed for their heavy metal 
contents. It was noted that the level of all the heavy metals (Pb, Ni, Cu, 
Mn, Co, Zn, Fe, Cr and Cd) was higher in fly ash as compared to the 
soil (Table 52). 
4.2.2.7 Heavy metal content in seeds 
It is evident from table 53 that soil amended with different 
levels of fly ash had a prominent impact on the accumulation of metals 
in the seeds. The seeds of control plants possess low levels of heavy 
metals (iron, lead, manganese and zinc) in all the four varieties of 
sunflower. However, the level of heavy metals (Cu, Cr, Cd, Co, Fe, Pb, 
Mn, Ni and Zn) increased in the seeds with an increase in the level of 
fly ash in soil. The differences in the concentration of these metals in 
various cultivar is not very prominent. Moreover, their level is very 
much under permissible limits. 
4.2.3 Experiment 3 : Impact of fly ash dusting on growth and 
productivity of sunflower 
4.2.3.1 Plant growth 
The application of fly ash to the foliage of the sunflower had 
a significant impact on all the growth characteristics of the shoot and 
the root (Tables 54-56). Each treatment differed significantly from 
each other in its effect. A quantity of 5 gm day"' increased the length, 
fresh and dry weight both of the shoot and root to a maximum level but 
was closely followed by 2 gm day"'. The plants applied with a larger 
quantity (8 gm day"') of the fly ash possessed the values significantly 
below than that of the control (0% fly ash). 
Table 52 :Heavy metal content content (mg/g) in fly ash and soil. 
Heavy metals (ppm) Fly ash Soil 
Lead 2.64 11.45 
Nickel 5.38 1.98 
Copper 1.02 0.64 
Manganese 17.29 11.35 
Cobalt 2.75 1.48 
Zinc 3.49 3.05 
Iron 12.34 11.98 
Chromium 15.45 10.48 
Cadmium 2.80 1.05 
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The cultivars exhibited significantly varied response to the 
treatment where Morden excelled over the others in all the 
characteristics of the shoot and the root. The lowest values were 
recorded in CSFH-778 for majority of the characteristics. The cultivars 
interacted significantly with the treatments for their shoot 
characteristics only where the best combination was Morden x 5 gm 
day^ fly ash followed by the same cultivar with 2 gm day ^ 
4.2.3.2 Leaf pigment content 
Dusting of fly ash to the aerial parts of the sunflower plants 
induced a significant impact on the pigment contents of the leaves 
Tables 57-58). The level of chlorophyll a, b, total and carotenoids was 
maximum in the leaves of the plants which received 5 gm day"' fly ash 
and was significantly higher than others. The lowest values were 
recorded in the plants supplied with a higher level (8 gm day') of the 
fly ash. 
The varieties differed significantly from each other in their 
leaf chlorophyll contents only where Morden possessed maximum 
values for chlorophyll b and total but was comparable with that of 
CSFH-778 in the values for chlorophyll a. The interaction effect 
between the treatment and the variety was significant for the 
chlorophyll contents only. The best combination is Morden x 5gm day' 
of fly ash. 
4.2.3.3 Leaf nutrient content 
The nutrient level in the leaves was significantly affected by 
the fly ash treatment (Tables 59-60). A progressive increase in the 
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contents of sulphur, phosphorus and potassium was noted with an 
increase in the level of the leaf applied fly ash but a reverse trend was 
observed for nitrogen. Therefore, maximum values for the former, but 
statistically equal to that of 5 gm day"', were recorded in the highest 
level of the fly ash (8 gm day"') however, it decreased the nitrogen level 
to the lowest. All the varieties possessed a comparable amount of all 
the elements and interacted non-significantly with the treatment. 
4.2.3.4 Fresh and dry weight of the floral head 
These characteristics were significantly affected by the 
treatment (Table 61) and followed a similar pattern. A maximum 
significant increase was noted with 5 gm day' followed by 2 and 0 gm 
day ' of the fly ash which generated a comparable response. A 
significant varietal difference was observed where highest values were 
recorded in Morden. PSF-5 possessed the lowest values. The 
interaction effect was significant only for fresh weight. Morden 
interacted best with 5 gm day ' of fly ash giving maximum values 
followed by its interaction with the lower level (2 gm day') . 
4.2.3.5 Yield characteristics and seed yield 
The fly ash treatment to the leaves significantly improved the 
diameter of the inflorescence and the seed yield, at harvest (Tables 
62-63). A moderate level (5 gm day') of the fly ash had a maximum 
impact on the size of the head and increased the seed yield by about 
25%, over the control. The leaves of the plants sprayed with the higher 
quantity (8 gm day') of the fly ash resulted in the loss of the seed 
yield. 
«Q 
U 
0) 
o 
C 
e 
s 
CA (#• 
o 
u 
> 
"9 
o 
la' 
s 
^ 
o 
en 
T3 
C« 
V 
. £ 
• M 
e« 
u 
o 
C 
o 
.2? 
*S 
^ 
>-. 
I . 
TJ 
•O 
e 
OS 
. £ 
w 
V 
u (*>< 
a> 
i f i 
••rf 
e 
o 
61) 
•w 
en 
3 
"O 
JS 
w 08 
>. 
C 
4_> "i 
z « 0) > 
• t 
faH 
VO 
E2 
.-^ 
s 
4-» 
,2f 
'« 
^ 
fi 
'^ ^ 
E 01) 
W) 
'S 
^ 
x: CA 
4j 
k> 
(s< 
CA 
e 
•M 
83 
la 
H . 
^^_^  
1-1 
1 
C8 
E 
NHW^ 
. f i 
<» C8 
>. 
C 
o 
01) 
CA 
o 
O 
d 
C8 
00 
«o 
*SI 
o 
e 
00 
«r5 
«s 
o 
/ Vi 
/ *• 
/ e« 
3 
VO 
Tt; 
en 
m 
f - H 
( N 
'"' 
C<^  
»-H 
"d 
o 
ON 
( S 
o 
I ^ 
f N 
ON 
">* 
•n ( S 
«o 
-* 
T t 
I—1 
CO 
>n 
o 
ON 
ON 
-"t 
o 
00 
"«t 
c 
k* 
o 
* > • 
«o 
a 
a 
s: 
^ 
tTl 
VO 
<n 
NO 
1 - H 
I—I 
o 
NO 
T t 
V-1 
f S 
f S 
«n 
o 
( N 
ro 
"* 
>n 
c<^  
d 
"^ 
ON 
^ 
r-' 
T f 
1—( 
m 
m 
"* 
"<t 
o 
'—' 
i b 
C/D 
2 
> • 
>3 
a 
s K 
^ 
r--
00 
04 
m 
«n 
»— 
cs 
NO 
»rj 
1 - H 
( N 
( N 
»o 
1—( 
( N 
<* 
m 
ON 
^ 
T t 
«o 
o 
ON 
• ^ 
r-^ 
NO 
T t 
• t 
CO 
-* 
00 
r--
1 
ti; 
b 
C/3 
U 
> • 
u 
I ^ 
a 
a 
K 
R 
Q 
tci 
1 - H 
-^ 
r-H 
"* 
00 
ON 
yr\ 
<N 
T t 
en 
ON 
d 
«o 
NO 
d 
ON 
d 
r f 
NO 
f n 
00 
m 
ON 
"^^ 
r t 
r f 
en 
O 
cs 
r j -
1 - ^ 
ON 
m 
1 
b 
C/5 
> 
<o 
8 
S 
K 
^ 
^ H 
o 
1 - H 
1 - H 
•n 
1 - H 
»n 
cs 
f N 
cs 
00 
00 
* -H 
r-
"^ 
^ 
<* 
ON 
CO 
00 
T t 
NO 
ON 
"* 
•^ 
CO 
"t 
>n 
o 
d 
11 
CO 
Q 
U 
o 
d 
II 
Q 
U 
00 
o 
II 
G" 
ed 
> 
3 
u 
CO 
NO 
d 
II 
,-~v 
ed 
> 
+-> 
u 
NO 
o 
II 
P" s_^ 
• 4 - * 
c 
i cd 
I H 
H 
ON 
r-
d 
II 
P 
S 
"flS 
h^  
;/) 
Z 
II 
H 
X 
u 
«n 
-^ 
^ 
II 
H 
X 
U 
c 
cd 
o 
c 
00 
o 
C/3 
E 
O S 
.2? 
V 
en 
O 
O 
S 
u 
s 
CS 
•o 
03 
C8 
E 
Of) 
4> 
Oi) 
es 
O 
e 
00 
V) 
<s 
c 
w 
m 
es 
M 
• • 
<s VO 
V 
JQ 
m H 
e 
4> 
s 
'«rf 
C8 
44 
H 
o 
(S 
T t 
00 
T f 
(N 
^t 
' * 
r f 
O 
<s 
T t 
-^ 
TT 
en 
t—t 
" t 
as 
o 
' * 
o 
"(t 
'«* 
1—4 
r t 
1 — < 
- t 
I - H 
•>* 
00 
I -H 
Tj-
O 
> 
O 
s 
s: 
R 
I 
X 
tlH 
00 
> • 
o 
c 
C3 
00 
U 
o 
OS 
a 
ss 
s: 
s; 
I 
O H 
> 
u 
oj 
ss 
s: 
s: 
<3 
O 
ON 
r t 
00 
o 
OS 
VO 
ON 
00 
00 
o 
1 - H 
•«t 
o 
00 
I—1 
o 
NO 
NO 
o 
ON 
ON 
t>-
o 
en 
t^ 
1—1 
1-H 
- t 
O 
r>-
o 
NO 
m 
00 
CM 
o 
t~-
ON 
NO 
1 - H 
-^ 
I - H 
o 
m 
NO 
m 
ON 
«0 
r-
o 
ON 
NO 
I - H 
" t 
NO 
NO 
ON 
ON 
I - H 
r-
NO 
I -H 
r^  
^ H: !3i ^ 
o 
Q 
U 
ed 
> • —K 
3 
u 
C/3 C/0 00 
;z z z 
II II II 
u ^ 
<L> 
s CO X 
U 
»n m 
o 
o 
II 
OH 
Q 
cJ 
NO 
o 
II 
z * " ^ 
U 
ed 
> 
4 - ' 
3 
u 
r>-
o 
II 
H 
4 - 1 
6 
cd 
H 
C/2 
Z 
II 
H 
X 
U 
a 
cd 
o 
00 
I 
o 
Z 
II 
z 
U 
> 
3 
u 
u 
a 
«2 
•o 
<U 
s 
C 
o 
e 
cs 
e 
a. 
*>> 
"O 
o 
CO 
OX) 
c 
2 «» 
3 <U 
>> 
c 
.4> 
ti 
i2 
o 
C 
c 
3 
V9 
00 
00 
00 
00 
OS 
00 
en 
o 
00 
00 
en 
00 
00 
00 
00 
00 
CO 
ON 
en 
00 
m 
00 
00 
o 
oo 
00 
m 
ON 
00 
en 
00 
en 
cs 
en 
00 
en 
00 
en 
00 
en 
00 
cs 
00 
en 
00 
00 
en 
00 
1—1 
00 
en 
en 
csi 
M —< 
to 
R 
00 
en 
O 
r-^ rn 
so 
to 
8 
00 
en 
00 
o 
en 
CN 
- H O 
en 
en 
00 
en 
OS 
O 
en 
en 
en 
to 
a 
S: 
s: 
ON 
00 
en 
o 
o 
CN 
r^  
en 
i -H 
«n 
I—( 
CN 
•"t 
C 
l - i 
o 
> • 
u 
VO 
o 
OS 
-«* 
en 
<n 
en 
O 
1—1 
I -H 
K 
U H 
V5 
Z 
> • 
o 
«n 
>r> 
OS 
en 
O 
T f 
CS 
00 
t--
ffi 
b 
QO 
U 
> • 
o 
VO 
>r> 
CN 
' t 
en 
t ^ 
cs 
1 
PLH 
on fV, 
> • 
o 
so 
>r^  
m 
- * 
1—( 
CN 
en 
^ ttj i:; tcj 
c/o on oo 
Z Z Z 
<n 
o 
o 
II 
D H 
rt 
^ Q 
U 
U 
"^ -^  
i-i 
c4 
> •r^
"3 
u 
P 
c 
<u E 
• * - > 03 (U 
H 
H 
X! 
U 
.-H OS 
so 00 
so 
d ^ 
«n 
o 
o 
11 
Q 
U 
/•~^ 
e<3 
> 
»^H 
4-1 
3 
u 
^ - N 
H 
S 
4-> 
CO 
u 
1.1 H 
H 
X 
U 
c 
CO 
u 
op 
"</J 
I 
C3 
o 
Z 
C/3 
;2 
.f^(' Aec. =" " i f ' 77 
The seed yield in varm j^^ i^ tCHlifij^ F^^ ^A i^Wed significantly. 
Morden yielded best followed by NSFH-110, PSF-5 and CSFH-778, in 
that order. Varieties interaction with the treatment was significant only 
for seed yield. Morden x 5 gm day' proved best followed closely by 
NSFH-110 X 5 gm day-^ 
4.2.3.6 Oil content 
Per cent oil content in the seeds did not show any significant 
impact of the treatment (Tables 63). Similarly, varieties had no 
significant difference and also exhibit non-significant interaction with 
the treatment. 
4.2.3.7 Heavy metal content in seeds 
It is quite evident from Table 64 that the treatment had a 
clear cut impact on the accumulation of various heavy metals in the 
seeds. The produce (seed) of the control plants grown in the sandy loam 
soil, either possessed un-traceable quantity (copper, chromium, 
cadmium, cobalt, nickel) or a low level (iron, lead, manganese and zinc) 
of these elements. However, these metals appeared or their level 
increased in the seeds with an increase in the level of the foliar applied 
fly ash. The differences in the concentration of these elements in the 
seeds of various cultivars is not very prominent. Moreover, their level 
is very much under permissible limits. 
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DISCUSSION 
The atmosphere is being loaded with undesirable amount of 
harmful gases and the particulate suspended matter, released mainly 
from the exhaust of the ever increasing number of industries, using coal 
as a cheap source of energy. The condition seems to be more alarming 
in developing countries, adopting rapid technological and industrial 
advancements without following appropriate emission control 
measures. 
These pollutants have significant impact on all the organisms, 
including plants. However, I am here mainly concerned with two 
important atmospheric pollutants (sulphur dioxide and fly ash) whose 
interaction with the physiomorphological and yield characteristics, of 
two locally cultivated oil yielding crops (rapeseed and sunflower) has 
been studied. Moreover, these pollutants are also known to interact 
variedly with the fungal plant pathogen and the host. The rapeseed 
pathogen, Alternaria brassicicola was, therefore, also included in this 
study. The experiments were planned in a way so that SOj level in the 
atmosphere and the contents of fly ash in the soil and at the level of the 
plants could be maintained approximately parallel with that of the 
agricultural fields around the Kasimpur Thermal Power Plant, located 
15 Km away from the campus of the Aligarh Muslim University, 
Aligarh. 
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5.1 Impact of SOj 
The simple physiological phenomenon of diffusion allows the 
entry of SOj into the foliage tissues of the plants, largely through the 
stomata (Barret and Benedict, 1970). It reacts with the water molecules 
to produce sulphite ions (Thomas et al., 1944) which are slowly 
oxidized to sulphate ions (Pell, 1979). Their presence, in larger 
quantities, is toxic to plants as these ions are responsible for photo-
oxidation (Nieboer et al., 1976; Malhotra, 1977), destruction and/or 
phaephytinization of the chlorophyll molecules (Rao and Le Blanc, 
1966). Moreover, disruption in the synthesis of the pigments is 
probably due to the interference of SOj in various metabolic processes 
(Varshney and Garg, 1979; Pierre and Quieroz, 1982; Tanaka et al., 
1982; Khan and Khan, 1993) resulting in the decrease of the 
photosynthetic efficiency of the plants (Thomas, 1951; Weinstein and 
McCune, 1970; Sharma and Prakash, 1991; Singh et al., 1994). The 
sulphite ions also compete for the binding sites at the thylakoid 
membrane in the chloroplasts (Wellburn, 1988). This impact of SOj on 
the structural units of the chloroplasts and/or the chlorophyll molecules 
may be assigned as the primary reasons for the observed decrease in 
the level of the chlorophylls and carotenoid whose concentrations 
decreased linearly with an increase in the atmospheric SOj (142.85 to 
571.43 |j.g m"^ ) both in the rapeseed (Tables 5, 6) and the sunflower 
(Tables 34, 35). It finally ends in the observed necrotic lesions at the 
foliage and a decrease in the availability of photosynthates at the source 
(leaves), thus hampering over all growth of the plants (Thomas, 1951; 
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Weinstein and Mc.Cune, 1970; Tables 2-4 and 31-33). Such a lean state 
of metabolism, at the level of the foliage, will not possibly be in a 
position to generate a proper sink for mobilizing the elements, absorbed 
by the roots, to the shoot. Moreover, a supply of insufficient quantity 
of the photosynthates to the roots, from the stressed leaves, should 
have restricted the growth (Tables 2-4 and 31-33) and the nutrient 
absorption capacity of the roots. Therefore, the level of all the 
nutrients, except sulphur, declined in the leaves of both the crops with 
the successive increase in the level of SOj (Tables 7-8 and 36-37). 
Similarly, a decrease in the level of nitrogen, in other cultivars, 
exposed to SOj has been reported by others (Mishra, 1980; Sardi, 1981; 
Kumar and Prakash, 1990). 
The plants, therefore, have a limited amount of nutrients and 
photosynthates (Whitemore and Mansfield, 1983) on their disposal 
which will obviously restrict their overall growth. It is quite prominent 
both in the rapeseed and sunflower where the values for all the 
parameters of the shoot and the root (Tables 2-4 and 31-35) decreased 
significantly with an increase in the level of SOj in the air (142.85 to 
571.43 |a.g m" )^. Poor nutritional status, in the plants, exposed to SOj, 
due to altered physiology, was further reflected in the characteristics 
determining reproductive growth and the seed yield, at harvest. The 
values for all the parameters, determining seed yield, decreased linearly 
with the elevation in SOj concentration (Tables 9-10 and 39-40). The 
other crops which responded, in a comparable way, to SO2 included 
soybean (Sprugel et al., 1980). Phaseolus sp. (Saxe, 1983a), lentil and 
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chicjcpea (Singh 1989), Medicago sp. (Murray and Wilson, 1991), 
cucumber (Pasha, 1991), tomato (Khan and Khan, 1993) and blackgram 
(Kulshreshtha, 1995). The other related factors which might have 
contributed significantly in reducing the seed yield, under the influence 
of SOj, might have been the pre-mature loss of flowers (Gupta and 
Ghouse, 1987) and/or limited pollen viability with restricted growth of 
pollen tube resulting in the failure of fertilization (Linzon, 1978; Bosac 
et al., 1993), thus limiting the seed setting (Tables 10 and 40). 
Various cultivars of both the crops, rapeseed and sunflower, 
differed significantly from each other, in their response to SO2 (Tables 
2-10 and 31-40). The variety TL-85 of rapeseed and Morden of 
sunflower had maximum values for most of the parameters, may be 
because of some varied level of resistance provided by the cultivars to 
the pollutant (SOj). This differential behaviour, may largely be 
attributed to their genetic make up which is positively different from 
each other. 
The plants are exposed to various pathogens whose intensity of 
infection depends on various factors, borned within and outside the 
host. However, under the stress, generated by SO2, the fungus and the 
plants are expected to interact differently (Heagle, 1973). This view is 
also favoured by Khan et al. (1991) but negated by Weinstein et al. 
(1975) and Mc Leod (1988). As usual, the fungus Alternaria 
brassicicola caused serious damage to the plants of rape seed, 
decreasing seed yield by about 4.7%. Moreover, the intensity of this 
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infection increased in the presence of the SO2, even though this 
pollutant inhibited conidial germination of the fungus (Table 1) like 
others (Siddiqui and Khan, 1999), in isolation. It resulted in a further 
decrease of seed yield by about 5%, over the infected control (Table 
10), even at the lowest concentration of SO2. The SOj causes damage 
to the tissue of the host exposing it as a better site for the fungal 
attack. Moreover, changed physiological state of the host could have 
decreased the resistance capacity of the plants to the pathogen. It seems 
that SO2 increased the inoculum potential of the fungi by acting in a 
synergistic manner. 
5.2 Fly ash 
It may be considered as a material not very much different from 
the common clay because both are rich in oxides of aluminium, silicon, 
iron, calcium and magnesium. However, coal and its ash (Table 52) are 
naturally added with variable amounts of various trace elements 
(cadmium, lead, nickel, chromium, zinc), therefore making it 
comparable with that of the soil (Page et al. 1983). Keeping in view, 
the disposal problem of the fly ash and the faster depletion of the 
reserves of trace elements of the soil, the application of fly ash may 
help in replenishing their dwindling reserves and maintain soil texture. 
The ultimate impact of these elements will naturally depend on the 
state of occurrence of these elements in the fly ash in interaction with 
natural factors of the soil and the biological system to which they have 
been applied. The rate of fly ash application, therefore, be fixed by 
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analyzing these components of the fly ash, since essential elements 
may impart toxicity in plants if accumulated beyond the critical limits 
(Ferraiolo et al., 1990). There is great need to evaluate the impact of 
fly ash on soil characteristics and the plant productivity. 
5.2.1 As soil amendment 
The use of fly ash amendment in enhancing the soil fertility by 
improving soil texture (Chang et al., 1989), soil pH (Molliner and 
Street, 1982; Singh et al., 1994) and water holding capacity (Sharma et 
al., 1990) has been successfully attempted. The addition of fly ash to 
the sandy loam soil improved its E.C. from 3.25 to 7.64 and its water 
holding capacity (Table 51). 
The results clearly demonstrate the economical gains from the 
fly ash amendment of the soil but within a limited proportion because 
large scale application renders soil loose and friable (Page et al., 
1979). The growth of the root and that of the shoot (Tables 11-13 and 
41-45) of both the crops (rapeseed and sunflower) exhibited a linear 
increase upto 60% (w/w) of the fly ash but decreased with a further 
increase in its quantity. Similarly, others (Singh, 1989; Pasha, 1991; 
Matte and Kene, 1996; Patil et al, 1996; Sugawe et al, 1997; Sahu and 
Dwivedi, 1999) have made recommendations with regard to the use of 
fly ash in enhancing the soil fertility and crop production. Furr et al. 
(1978) have, moreover, suggested that the uptake of the elements by 
the plants was proportional to the rate of ash application. In such cases, 
the fly ash corrects the nutrient balance in the soil (Hill and Lamp, 
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1980) and/or pH adjustment (Martens and Beham, 1976). The fly ash 
from Kasimpur Thermal Power Plant, Aligarh, used in the present study, 
possessed a rich quantity of some important nutrients (Pasha, 1991 and 
Table 51). Fly ash being a rich source of most of the required elements 
(Plank et al., 1975), except nitrogen (Khan and Khan, 1996; Sahu and 
Dwivedi, 1999 and Table 51) makes them readily available, to the roots, 
in required quantities, activating plant metabolism with increased 
synthesis of pigments (Khan and Khan, 1996 and Tables 14-15 and 
44-45) and general growth (Fernandes and Henriques, 1990). However, 
this favourable effect of the fly ash could be gained upto a certain level, 
which in our case is 60% (Tables 19 and 50), 25% (Saxena et al., 1998) 
and 50% (Sahu and Dwivedi, 1999) possibly determined by the plant 
type and the soil environment (Basta and Tabatabai, 1992). A cumulative 
effect of improved metabolism and growth was further evident on the 
characteristics of reproductive growth and the seed yield in the 
rapeseed (Tables 18-19) and sunflower (Tables 48-50) at harvest. 
Similarly, others (Singh, 1989; Pasha, 1991; Jahan, 1993; Kulshreshtha, 
1995; Matte and Kene, 1996; Sugawe et al, 1997; Sahu and Dwivedi, 
1999) reported an increase in seed yield by a limited use of the fly ash 
with the soil. The higher percentage of oil in rapeseed (Table 19) and 
sunflower (Table 50) may be attributed to the presence of larger 
quantities of two important nutrients (calcium and sulphur) in the fly 
ash, involved in the synthesis of fat, (Ahmad et al., 1978; Patil et al., 
1996). 
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Although essential heavy metals, in the form of micronutrients, 
are required for plant development and growth, but a slight excessive 
amount of these metals in the soil may produce effects deterimental to 
plants (Neufeld and Hermann, 1975). The fly ash is a rich source of 
these trace elements (Wong and Wong, 1986; Wadge and Hutton, 1987 
and Table 50), and a mixture of toxic compounds like dibenzofuran and 
dibenzo-p-dioxin (Helder et al., 1982; Sawyer et al., 1983). Therefore, 
the soil amended with the fly ash level, above a certain limit, may 
compel the plants to absorb and accumulate the heavy metals in a 
quantity which may become phytotoxic (Mayer, 1981 and Hale et al., 
1985). A comparable relationship was noticed between the heavy metal 
contents in the seeds (Tables 20 and 53) and the fly ash (Table 52). 
However, at the highest level of the metals in the seeds, the values are 
below the permissible limits but are quite safe at 60% fly ash level 
where the plants develop no toxic effects and have luxurient growth and 
seed production (Tables 19 and 50). Moreover, the presence of a 
sufficient quantity of chloride, carbonate and bicarbonate ions in the 
fly ash (Pasha, 1991 and Table 51) shield the plants from the toxic 
effects of heavy metals by increasing soil pH (Sahu and Dwivedi, 
1999). 
The varieties of both crops (rapeseed and sunflower) differed 
significantly in their response to the amendment of the soil with fly 
ash. T-7 of rapeseed and Morden of sunflower gave maximum response 
to the treatment where the fly ash level, 40 and 60% proved best. 
Genetic variations between the cultivars may have largely contributed 
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in this diversity (Tables 11-19 and 41-50) which is also supported by 
Basta and Tabatabai (1992). 
It may be derived from the body of the Tables 11 to 19 that the 
rapeseed plants, infected with Alternaria brassicicola, had poor growth 
and seed yield, as compared with healthy plants. However, the diseased 
plants, grown in the fly ash amended soil, had a significant resistance 
and could overcome the ill effect of the fungus. The values for most of 
the parameters, including seed yield increased, over the infected 
control, with an increase in the fly ash level upto 60% and the values 
were very close to those of the healthy plants. It gives an impression 
that the stress caused by the fungal infection is some how overcome by 
the strength provided to the host by the sufficient quantity of the trace 
elements in association with the higher metabolic state of the plants, 
particularly in the cultivar, T-7. 
5.2.2 Fly ash dusting 
The combustion of coal releases, through the exhaust, finally 
divided particles of ash (O.I to 100 pnxi) entrained with gases. This ash 
is fairly a stable pollutant and gets deposited on the surface of the 
materials and plants (Rao, 1985). The fly ash from Kasimpur Thermal 
Power Plant was chemically analysed and was found to be a rich source 
of improtant mineral elements and certain heavy metals but lacked 
nitrogen (Helder et al., 1982; Sawyer et al., 1983; Pasha, 1991 and 
Tables 51-52). A graded quantity of this ash was applied to the leaves of 
rapeseed and sunflower plants at varied intervals. The plants gave a 
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positive response with the values for most of the vegetative (Tables 
21-23 and 54-56) and reproductive (Tables 28 and 61-62) 
characteristics showing a linear increase with an increase in the fly ash 
level upto 5 gm day'^ However, a further increase in the quantity of the 
ash (8 gm day^) had a detrimental effect on the plants. The presence of 
water soluble substances, mainly minerals, available from the fly ash 
(Rohrman, 1971) in the vicinity of the cuticle and the stomata are 
expected to diffuse (Murray, 1984) into the highly metabolically active 
tissues of the leaves. They will obviously be transported and/or utilized 
in various metabolic processes, developing healthy plants (Tables 
21-23 and 54-56) with increased seed production (Tables 29 and 63). 
The application of larger quantities of the fly ash (8 gm day"') 
is very much expected to make available an excessive quantity of these 
trace elements, in the mesophyll cells, possibly causing phytotoxicity 
(Aitken and Bell, 1985). The presence of toxic compounds like 
dibenzofuran and dibenzo-p-dioxin (Helder et al., 1982; Sawyer et al., 
1983) in the fly ash must have further aggravated the stress leading to 
poor growth and productivity in rapeseed (21-23 and 29) and sunflower 
(54-56 and 63). Moreover, the deposition of a thin layer of fly ash at 
the stigma of the carpel could have affected the viability and/or 
germination of the pollen grains leading to a failure of the fertilization 
and seed setting (Pasha, 1991). It could have also been associated with 
the shedding effect, checking the solar radiation reaching to the tissue 
(Czaja, 1962; Rao, 1985), thereby slowing down the rate of 
photosynthesis (Singh and Yunus, 2000) and an increase in the 
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temperature of the plant surface (Mark, 1963; Rao, 1971). 
It was possibly the varied genetic make up of different cultivars 
of rapeseed and sunflower which made them to respond differently to 
the dusting treatment of the fly ash. T-7 of the former and Morden of 
the latter had maximum values of almost all the vegetative (Tables 
21-23 and 54-56), reproductive (Tables 28 and 61-62) characteristics 
and seed yield (Tables 29 and 63) with improved oil contents (Tables 
29 and 63). 
The damage, in terms of reduced growth and yield, to the 
rapeseed by Alternaria brassicicola could partially be recovered by 
dusting the plants with a low dose of the fly ash. The values for most of 
the characteristics in the infected plants increased marginally by the 
application of fly ash upto a level of 5 gm day' but were in no way 
comparable with those of the control, uninfected plants (Tables 21 to 
29). The fungi in association with 8 gm day' of fly ash proved 
detrimental for plant growth and productivity. 
S.3 Conclusions 
On the basis of the results obtained, following conclusions may 
be drawn. 
1. The exposure of the plants of rapeseed and sunflower to SOj 
significantly decreased leaf chlorophyll, nitrogen, phosphorus 
and potassium contents, all the growth and yield characteristics 
and seed yield, at harvest. However, the level of sulphur in the 
leaves increased. 
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2. Among the cultivars, TL-85 of rapeseed and Morden of sunflower 
possessed maximum values for all the characteristics, possibly 
expressing a slight degree of resistance to SOj. 
3. The per cent loss increased with an increase in the concentration 
ofSOj. 
4. As compared with the healthy plants of rapeseed, those infected 
with Alternaria brassicicola were affected to a greater extent by 
5. The plants of rapeseed and sunflower grown in the sandy loam 
soil amended with fly ash were taller and possessed more fresh 
and dry weight of shoot and root, leaf chlorophyll, carotenoids, 
phosphorus and potassium contents and seed yield, at harvest, as 
compared with those raised in its absence. The level of all these 
parameters increased with an increase in the contents of fly ash 
upto 40% (w/w) and getting stabilized upto 60% but decreased 
with a further increase in the ash. Moreover, the per cent nitrogen 
content of the leaf decreased." 
6. The fly ash exhibited significant impact even on the rapeseed 
plants infected (diseased) with A. brassicicola. The values for all 
the characteristics, were comparable with those of the uninfected 
(healthy) plants, raised without fly ash. 
7. The best response of the fly ash addition to the soil was given by 
the cultivars, T-7 of rapeseed and Morden of sunflower. 
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8. The seeds produced by the plants developed in the fly ash 
amended soil possessed a higher quantity of the heavy metals 
than the control (only soil). However, the level of all the 
elements was under the permissible limits/safe for consumption. 
9. The application of fly ash to the foliage of rapeseed and 
sunflower plants proved fruitful upto a level of 5 gm day' , above 
which it proved to be injurious. The values for the length, fresh 
and dry weight of the shoot and the root, leaf chlorophyll, 
carotenoid , phosphorus and potassium contents and seed yield, 
at harvest, were higher than the control. 
10. The diseased plants exhibited a negative impact with the fly ash 
dusting and the values decreased significantly below that of the 
healthy control. 
11. The plants of rapeseed and sunflower dusted with fly ash 
produced the seeds with a larger quantity of heavy metals but the 
values were below the toxic limits. 
12. Like the other treatments, T-7 of rapeseed and Morden of 
sunflower gave maximum response to the fly ash dusting. 
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SUMMARY 
This thesis is based on the following five chapters. 
Chapter 1 deals with the significance of the problem entitled, 
"Impact of sulphur dioxide and fly ash on growth and productivity of 
rapeseed and sunflower and on Alternaria blight of rapeseed". 
Chapter 2 includes the available literature related with the 
research problem. 
Chapter 3 explains the details of the materials and methods, 
employed in conducting the experiments. 
Chapter 4 is comprised of the tabulated and detailed description 
of the results, whose salient features are summarized below : 
Section I 
It covers the experiments on the impact of SOj and fly ash on 
growth and productivity of rapeseed and their effect on Alternaria blight 
caused by Alternaria brassicicola. 
Experiment 1 
In this experiment, the plants of three cultivars (T-7, TL-85 and 
TH-68) of Brassica campestris were exposed to three graded 
concentrations (142.85, 285.71 and 571.43 \ig m'^ ) of SO2 in the presence 
or absence of Alternaria brassicicola. It was observed that SOj 
significantly decreased chlorophyll, nitrogen, phosphorus, potassiimi and 
all the growth characteristics (length, fresh and dry weight) both of the 
shoot and the root and seed yield, at harvest. The rate of loss is directly 
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proportional to the SO2 concentration. The plants infected with A. 
brassicicola were affected most by SOj. However, the cultivar TL-85 
exhibited slight resistance to the pollutant. 
Experiment 2 
The healthy and diseased plants of three cultivars (T-7, TL-85 and 
TH-68) of B. campestris were grown in the sandy loam soil, amended with 
graded levels of fly ash (0, 20, 40, 60, 80 and 100%, w/w). All the 
parameters (growth characteristics, chlorophyll, carotenoid,, phosphorus 
and potassium contents in the leaves) and seed yield, at harvest exhibited a 
significant response to fly ash. The values increased with an increase in 
the level of fly ash upto 60% but decreased with a further increase in the 
fly ash level. However, nitrogen content decreased significantly. At all the 
levels of fly ash, the plants infected with the fungus had the values, for all 
the Characteristics, comparable with that of the healthy (control) plants. 
The seeds possessed a safe amount of heavy metals but were more than 
those of the control (0% fly ash). Among the cultivars, T-7 proved best by 
having a rich growth and seed yield. 
Experiment 3 
The healthy and infected (A. brassicicola) plants of three cultivars 
(T-7, TL-85 and TH-68) of B. campestris were dusted with 2, 5 and 8 gm 
of fly ash per day. A fly ash level upto 5 gm day"^  significantly improved 
the growth characteristics, leaf chlorophyll and nutrient contents, except 
nitrogen, and the seed yield but the highest dose (8 gm day') proved 
harmful. The diseased plants exhibited a negative impact with the fly ash 
and the values decreased significantly below that of the healthy control. 
The seeds possessed a larger quantity of heavy metals but this level was 
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very much below the permissible limits. The values for most of the 
parameters were maximum in variety T-7. 
Section II 
In this section, physiomorphological characteristics and 
productivity of sunflower, in response to SOj and fly ash, was included. 
Experiment 1 
The seeds of four cultivars (Morden, PSF-5, CSFH-778 and 
NSFH-110) of Helianthus annuus were sown in pots, filled with sandy 
loam soil. The plants raised from these seeds were exposed 21 days, after 
sowing, to three concentrations of SOj (142.85, 285.71 and 571.43 
lag m'^ ) in the exposure chamber. The plants exhibited a significant linear 
decrease in growth, leaf chlorophyll, carotenoid, nitrogen, phosphorus and 
potassium contents and seed yield with an increase in the SOj 
concentration. However, sulphur content increased. Among the various 
cultivars, Morden somehow gave a bit of resistance to the pollutant. 
Experiment 2 
The plants of four cultivars (Morden, PSF-5, CSFH-778 and 
NSFH-110) ofH. annuus were raised in the pots filled with a mixture of 
sandy loam soil and fly ash, where the latter was 0, 20, 40, 60, 80 and 
100%. The presence of fly ash generated a significant impact on all the 
physiomorphological characteristics of the plants. The length, fresh and 
dry weight both of the shoot and the root, leaf chlorophyll, carotenoid, 
phosphorus and potassium contents and seed yield, at harvest, increased 
significantly with an increase in the level of fly ash upto 40%. A further 
increase in its level had no additive effect but the values started 
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decreasing, above 60% of the fly ash. However, the nitrogen content 
decreased significantly with an increase in fly ash content from 0 to 100%. 
The presence of fly ash marginally increased the heavy metal status in the 
seeds, at harvest. Among all the cultivars, Morden gave maximum response 
to the treatment. 
Experiment 3 
This experiment was designed in a way to assess the impact of 
foliage deposited fly ash on plant growth and productivity of sunflower. 
Seeds of four cultivars (Morden, PSF-5, CSFH-778 and NSFH-110) of H. 
annuus were sown in the pots, filled with sandy loam soil. Fifteen day old 
seedlings were regularly dusted with fly ash at the rates of 2, 5 and 8 gm 
per day, upto day 60. It was noted that the plants gave a favourable response 
to fly ash upto a level of 5 gm day' where the values for length, fresh and 
dry weight of shoot and root, leaf chlorophyll, carotenoid, phosphorus and 
potassium contents and seed yield at harvest, were maximum. However, 
the plants dusted with the maximum quantity (8 gm day"') of fly ash had 
the values, for all the parameters, below those of the control (0% fly ash). 
The seeds, obtained from the treated plants, possessed larger quantities of 
heavy metals but were very much below the permissible limits. The 
treatment had the maximum effect on the cultivar, Morden. 
Chapter 5 deals with the implications of my observations in the 
already available findings. 
The thesis is appended with an up-to-date bibliography of the 
references cited in the text. 
Ujiolioqrapna 
BIBLIOGRAPHY 
Adaros, G., Weigel H.J. and Jager H.J. 1991. Concurrent exposure to 
SOj and/or NO2 alters growth and yield responses of wheat and 
barley to low concentrations of O3. New PhytoL, 118 : 581-591. 
Ahmad, A., Elseewi, A.A., Bingham, F.T. and Page, A.L. 1978. 
Availability of sulphur in fly ash to plants. / . Environ. Qual. 
7(1) : 69-73. 
Aitken, R.L. and Bell, L.C. 1985. Plant uptake and phytotoxicity of 
boron in Australian fly ashes. Plant Soil. 84: 245-257. 
Allen, S.E., Grimshaw, H.M., Parkinson, J.A. and Quarmby, C. 1974. 
Chemical analysis of ecological materials. Blackwell Scientific 
Publications, Oxford. 
Anon 1986. 'Air Quality Monitoring'. A Course Manual National 
Environmental Engineering Research Institute, Nagpur, India. 
Ansari, N.A. 1987. Studies on Alternaria blight of some oilseed crucifers. 
Ph.D. Thesis Aligarh Muslim University, Aligarh, 202 pp. 
Ansari, N.A., Khan, M.W. and A. Muheet 1988. Effect of Alternaria 
blight on oil content of rapeseed and mustard. Curr. ScL, 57(18) 
: 1023-1024. 
Babich, H. and Stotzky, G.N. 1978. Influence of pH on inhibition of 
bacteria, fungi and coliphages by bisulfite and sulfite. Environ. 
Res., 15: 407-417. 
Barman S.C. Kisku G.C., Bhargava, S.K. 1999. Accumulation of heavy 
metals in vegetables, pulse and wheat grown in fly ash amended 
soil. / . of Environ. Biol. 20:1, 15-18. 
Barrett T.W. and H.M. Benedict 1970. Sulphur dioxide. In: Recognition 
of Air Pollution Injury to vegetation : A picturial Atlas (Ed. 
Jacobson, J.S., A.C.Hill). Report No. 1, TR-7, Agricultural 
committee. Air Pollution Control Association, Pittsburg. 
96 
Basta N.T. and Tabatabai. 1992. Effect of cropping system on adsorption 
of metals by soils : Competitive adsorption. Soil Sci., 153: 
331-335. 
Bevan R.J. and G.H. Greenhalgh 1976. Rhytisma acerinum as a 
biological indicater of pollution. Environ. Pollut., 10:271-285. 
Bhatia R.R. 1978. Effect of fly ash on plant growth. M.Phil. Thesis, 
J.N.U. New Delhi. 
Black, V.J. and M.H. Unsworth 1980. Stomatal responses to sulphur 
dioxide and vapour pressure deficit. J.Exp.Bat., 31:667-677. 
Bosac. C,. Black, J.V., Black, C.R. Roberts, A.J. and Lockwood, A. 
1993. Impact of O3 and SOj on reproductive development of 
oilseed rape {Brassica napus L.) I. Pollen germination and 
pollen tube growth. New Phytol., 124 : 439-446. 
Brandt, C.S. and Heck, W.W. 1968a. Effects of air pollutants on plants. 
In: Air pollution (A.C. Stern, ed.) vol. 1, pp. 43-401, II"'' 
Academic Press, New York. 
Brandt, C.S. and Heck, W.W. 1968b. Effects of air pollutants on plants. 
In: Air Pollution (A.C. Stern. Ed.) vol. 1, pp. 401-443, II"'' 
Edition, Academic Press, New York. 
Bytnerowicz, A., Olszyk D.M., Kats, G., Dawson, P.J., Wolf, J. and 
Thompson, C.R. 1987. Effect of SOj on physiology elemental 
content and injury development of winter wheat. Agric. Eco. and 
Environ., 20 : 37-47. 
Cameron, C.A. 1874. The influence of chemical exhalations on 
agriculture. Gard. Chron., 1 : 274-275. 
Carlson, R.W. 1983. Interaction between SOj and NO2 and their effect on 
photosynthetic properties of soybean, Glycine max. Environ 
Poll., 32 : 11-38. 
97 
Chang, A.C., Page, A.L., Lund, L.J., Warneke, J.E. and Nelson, C O . 
1989. Municipal sludges and utility ashes in California and their 
effects on soils. In. B. Bar-yosef et.ai (eds.) Inorganic 
contaminants in the vadose zone. Ecological studies. 74, pp. 
125-139, Springer-verlag, Berlin. 
Chiba O. and K. Tanaka 1968. The effect of sulphur dioxide on the 
development of pine needle blight caused by Rhizosphaera 
Kalkhoffii Bubok. / . Jap. Forest. Soc, 50 : 135-139. 
Collwill, D.M., Thompson, J.R. and Rutter, A.J. 1979. Impact of road 
traffic on plants. Crowthrone Berks, Deptt. of En v. Dept. of 
Transport, T.R.R.L. Report S.R. 513. 
Cormis, L. 1973. Effect of sulphurous air pollution on the vegetation. 
Ann. Mines 14: 23-24. 
Couey, H.M. 1965. Inhibition of germination in Alternaria spores by SOj 
under various moisture conditions. Phytopath., 55 : 525-527. 
Cowling, E.B. and J.G. Horsfall 1979. Prologue: How pathogens induce 
disease. In: Plant Disease-An Advanced Treatise (J.G. Horsfall 
and E.B. Cowling, eds.) IV, pp. 1-21, Academic Press, New York. 
Czaja, A.T. 1962. Uber das problem der zements taubwirkungen auf 
Pflanzen. Staub. 22 : 228-232. 
Darley, E.F. 1966, Studies on the effect on cement kiln dust on 
vegetation. / . Air Poll. Control Assoc, 16 : 145-150. 
Darley, E.F and J.T. Middleton 1966. Problems of air pollution in plant 
pathology. Ann. Rev. Phytopath., 4 : 103-118. 
Das, T.M. 1986. Editorial : International Air Pollution Workshop, 
Chicago, Illionis, U.S.A. Indian Biol, 18 : 45-46. 
98 
Donaubauer E. 1968. Sekundarschaden in Osterreichis chen 
Rauchschadensgebieten. Schwierigkeiten Der. diagnose und 
Bewertung. Niedzvnarodowej Kinf. Wplyw Zanieczyszczen 
Powietrza na lasy, 6'^ ^ Katowice Poland. 
Efe, N. and Ozbay, O. 1994. The effect of sulphur dioxide on the 
physiological parameters of maize (Zea mays L.) and soybean 
(Glycine max L.) Turk. J, of Bot., 18 : 469-474. 
Fernandas, J.C., and Henriques F.S. 1990. Metal levels in soils and 
Cattle plants in a pyrites rich area at Lousal, Portugal. Intern. J. 
of Environ. Stud., 36 : 205-210. 
Ferraiolo, G., Zilli, M. and Converti A. 1990. Fly ash disporal and 
utilization. JofChem. Biotech., 47 : 281-305. 
Fiske, C.H. and Subba Row, Y. 1925. The colorimetric determination of 
phosphorus. J.Biol. Chem., 66 : 375-400. 
Furr, A.K., Parkinson, T.F., Heffron, C , Reid, J.T., Heschek, W.H., 
Gutemann, W.H., Bache, C.A., St. John Jr. Le and List, D.J. 
1978. Elemental content of tissues and excreta of lambs, goats 
and kids fed with sweet clover growing on fly ash. / . ofAgric. 
and Food Chem., 26 : 847-851. 
Gimeno, C. and Deltoro, V. I. 2000. Sulphur dioxide effects on cell 
structure and photosynthetic performaces in the Liverwort 
Frullania dilatata. Cand. J. of Bot., 78 : 89-104. 
Gomez, K.A. and Gomez, A.A. 1984. Statistical procedures for agricultual 
research (2"^ Eds.), John Wiley and Sons, New York. 
Gupta, M.C. and Ghouse, A.K.M. 1987. Effect of coal-smoke pollutants 
from different sources on growth, chlorophyll content, stem 
anatomy and cuticular traits of Euphorbia hirta L. Environ. 
Poll. 47 : 221-229. 
99 
Gupta, v., Tomer, Y.S. and Prakash, G. 1993. Effects of SOj fumigation 
on Lagentaria siceraria L. Acta Bot. Ind., 21 : 230-237. 
Hale, J.C., Ormord, D.P., Laffey, P.J. and Allen, O.B. 1985. Effect of 
nickel and copper on tomato in sand culture, Environ. Poll., 39 : 
53-69. 
Ham, D.L. 1971. The biological interactions of sulphur dioxide and 
Scirrhia acicola on loblolly pine. Ph.D. Thesis, Duke University, 
Durham, N.C. 74 pp. 
Heagle, A.S. 1973. Interactions between air pollutants and plant parasites. 
Annual Rev. ofPhytopath. 11 : 365-388. 
Heagle, A.S. 1982. Interaction between air pollutants and parasitic plant 
disease, pp 333-348. ln:Effects of Gaseous Air Pollution in 
Agriculture and horticulture (Eds. H.M. Unsworth and D.R. 
Ormrod) Butterworth Scientific, London. 
Heagle, A.S. and Strickland, A. 1972.Reaction of Erysiphe graminis f.sp. 
hordei to low levels of ozone. Phytopath. 62 : 1144-1148. 
Heck, W.W., Daines, R.H. and Hindawi, I.J. 1970. Other phytotoxic 
pollutants. In:Recognition of Air Pollution injury to 
Vegetation:A pictorial Atlas (Eds. J.S. Jacobson and A.C. Hill). 
Air Pollution Control Association, Pittsburgh, Pennsylvania, 
U.S.A. 
Heck, W.W., Heagle, A.S. and Shriner, D.S. 1986. Effects on vegetation: 
Native crops. Forests. In : Air Poll. (Ed. A.S. Stern), 6 : 
247-350, Academic Press, New York. 
Helder, T.E., Stutterheim, E. and Olie, K. 1982. The toxicity and toxic 
potential of fly ash from municipal incenerators assessed by 
means offish early life stage test. Chemosph., 11 : 965-972. 
100 
Hibben, C.R. and Taylor, M.R. 1975. Ozone and sulphur dioxide effects 
on the lilac powdery mildew fungus. Environ. Poll. 9 : 107-114. 
Hill, M.J. and Lamp, C.A. 1980. Use of pulverized fuel ash from 
Victorian brown coal as a source of nutrients for a pasture 
species. Aust. J. Exp. Agric. Anim. Husb., 20 : 377-384. 
Holdgate, M.W., Kassas, M. and White, G.F. 1982. World environmental 
trends between 1972 and 1982, Environ. Conserv., 9 : 11-29. 
Horsman, D.C. and Welburn, A.R. 1977. Effect of SOj polluted air upon 
enzyme activity in plants originating from areas with different 
annual mean atmospheric SOj concentrations. Environ. Poll., 
13 : 33-38. 
Howell, R.K. and Kremer, D.F. 1973. The chemistry and physiology of 
pigmentation in leaves injured by air pollution. / . of Environ. 
Qual., 2 : 434-438. 
Jacobson, S. and Hill, A. 1970. Recognition of Air Pollution Injury to 
vegetation - A Pictorial Atlas, Air Pollution Control 
Association. Pillsburg, Pennsylvania, U.S.A. 
Jahan. K., 1993. Studies on mycorrhizal fungi in relation to environmental 
pollution. Ph.D. Thesis, Aligarh Muslim University, Aligarh, 
India, pp. 227. 
Jancarik V. 1961. \^skyt drevo kaznych hub v Kouremposkoovani oblasti 
krusnych hor. Lesnictvi, 1: 611-692. 
Johansson. O. 1954. Rappert over ett studium av luft och nederbord 
omkring Svenska Flifferolje Aktie bologets anlaggninger vid 
Kavorntorp med speciell hanyn till tistributorp med speciell 
hansyn till tistributionen av savavel och desh inverkan pa vaxtama 
Lie duh vid K. Lantbrukshogskolan, Uppsala. 
101 
Kalra, N. Joshi, N.C., Chaudhary, A., Choudhary, R. and Sharma, S.K. 
1997. Impact of fly ash incorporation in soil on germination of 
crops. Biores. Tech., 61 : 39-41. 
Kamath, R.R. 1979. Trace elements concentrations in coal and 
corresponding fly ash. Ind.J. Air Poll. Cont., 2 : 91-95. 
Khan, A. 1988. Response of chlorophylls in mung leaves to composite 
tannery effluent. Res. J. Plant. Environ. 44 : 25-28. 
Khan, M.R. and Khan, M.W. 1991. Impact of air pollutants emanating 
form a thermal power plant on tomato. J.Ind.Bot.Soc. 70 : 
239-244. 
Khan, M.R. and Khan, M.W. 1993. The Interactions of SOj and root-knot 
nematodes on tomato. Environ. Poll., 81 ; 91-102. 
Khan, M.R. and Khan, M.W. 1996. The effect of fly ash on plant growth 
and yield of tomato. Environ. Poll., 92 : 105-111. 
Khan, M.R. and Khan, M.W. 2000. Sulphur dioxide effects on plants and 
pathogens. In "Environmental Hazards : Plants and People". 
(Iqbal, M., Srivastava, P.K. and Siddiqui, T.O., eds.) pp. 118-136, 
C.B.S. Publisher, New Delhi. 
Khan, M.W. 1996. Air pollution and root symbionts Vasundhara^ 1: 
46-54. 
Khan, M.R., Khan, M.W. and Pasha M.J. 1998. Effect of sulphur dioxide 
on the development of powdery mildew of cucumber. Environ, 
and Exp. Bot., 40 : 265-273. 
Khan, M.W. and Khan, M.R. 1990. Relationship of plant pathogenic 
microbes with air pollution. In: Frontiers in Applied 
Microbiology (K.G. Mukerji and V.P. singh eds), IV, pp. 
114-125, Rastogi Publication. Meerut. 
102 
Khan, M.W. and Khan, M.R. 1993. Relationship of plant pathogenic 
microbes with air pollution. In Frontiers in Applied 
Microbiology, IV, pp. 114-125, Rastogi Publication, Meerut. 
Khan, M.W. and Kulshreshtha, M. 1991. Impact of SOj exposure on 
conidial germination of powdery mildew fungi. Environ. Poll.^ 
76 : 81-88. 
Khan, M.W., Khan, M.R. and Khan, A.A. 1991. Effect of air pollution 
caused by ceramic and pottery industries on powdery mildew and 
root-knot nematodes on cucurbits. / . Ind. Dot. Soc, 70 : 
373-378. 
Khandkar, U.K., Gangwar, M.S., Srivastava, P.C. and Singh, M. 1996. 
Effect of coal fly ash application on the elemental composition 
and yields of some crops and on the properties of a calcareous 
^oiX. Acta Agron. Hung., 44 : 141-151. 
Klarer, C.I., Reinert, R.A. and Huang, J.S. 1984. Effect of sulphur 
dioxide and nitrogen dioxide on vegetative growth of soybeans. 
Phytopath. 74 : 1104-1106. 
Kochhar, M., Reinert, R.A. and Blum, U. 1982. Effect of feascue 
Festuca arundinacea and or clover Trifolium repens debries and 
fescue leaf leachate on clover as modified by ozone and 
Rhizoctonia solani. Environ. Poll., 28 : 255-264. 
Kolte, S.J. 1985. Diseases of annual edible oilseed crops. Repeseed-
Mustard and Sesame Diseases. II, p. 135, C.R.C. Press, Boca 
Raton, Florida. 
Kolte, S.J., Awasthi, R.P. and Vishwanath 1987. Assessment of yield 
lossess due to Alternaria blight in rapeseed and mustard. Ind. 
Phytopath. 40 : 209-211. 
103 
Kropff, M.J., Mooi, J., Goudrian, J., Smeets, W., Leemans, A. and 
Kiffen, C. 1989. The effect of long tern open air fumigation with 
SOj on a field crop of broad bean {Vicia faba L). Effect on 
Growth components, leaf area development and elemental 
composition. NewPhytoL, 113 : 345-351. 
Kudela M. and Novakova, E. 1962. Lesni Skudcia skody Zveri V lesich 
poskozovanych Kourem. Lesnictvi, 6 : 493-502. 
Kulshreshtha, M. 1995. Impact of air pollution on root colonization by 
VAM fungi and root nodulation on blackgram. Ph.D. Thesis, 
Aligarh Muslim University, Aligarh. 
Kulshreshtha, M. and Khan, M.W. 1993. Impact of SOj exposure on 
conidial germination of Microsphaera alphiloides F. sp. 
mangiferae. J. of Sci. Res., 34 : 87-90. 
Kulshreshtha, M., Jahan, K. and Khan, M.W. 1994. Response of six 
wheat varieties to sulphur dioxide. / . of Sci. Res., 44 : 1-7. 
Kumar, A., Sarkar, A.K., Singh, R.P., Sharma, V.N. and Kumar, A. 1999. 
Effect of fly ash and fertilizer levels on yield and trace metal 
uptake by soybean and wheat crop. J. of the Ind. Soc. of Soil 
Sci., 47 :744-748. 
Kumar, N. and Prakash, G. 1990. Effect of SOj on pigeon pea {Cajamis 
cajan L.) and pea {Pisum sativum). Acta Rot. Ind., 18 : 
247-251. 
Kumar, N. and Singh, V. 1985. Effect of SOjand NOj pollution on Cicer 
arietimim. Ind. J. ofEcoL, 12 : 183-188. 
Lai, J.K., Mishra, B., Sarkar, A.K. and Lai, S. 1996. Effect of fly ash on 
growth and nutrition of soybean. /. of the Ind. Soc. of Soil Sci., 
44 : 310-313. 
104 
Laurence, J.A., Weinstein, L.H., McCune. D.C. and Aluisio, A.L. 1979. 
Effects of SOj on southern corn leaf blight of maize and stem 
rust of wheat. Plant Dis. Repor., 63 : 975-978. 
Lawry, J.D. 1977. Soil fungal populations and soil respiration inhabitats, 
variously influenced by coal strip mining. Environ. Poll., 14 : 
195-205. 
Leone, L. and Jonneijik, A.E.G. 1990. Acute O3 exposure predisposes 
Phaseolus vulgaris beans to Botrytis cinerea. Neth. J. of Plant 
Pathol., 96 : 65-74. 
Levin, D.A. 1973. The role of trichomes in plant defence. Quart. Rev. 
Biol., 48 : 1-16. 
Lindner, R.C. 1944. Rapid analytical methods for some of the more 
common inorganic constituents of plant tissue. Plant Physiol., 
19 : 76-89. 
Linzon, S.N. 1958. The influence of smelter fumes on the growth of white 
pine in th sudbury region Can. Dep. Agr. Publ., Ontaria Dep. 
Londs. Forests, 45 pp. 
Linzon, S.N. 1978. Effect of air sulphur pollutants on plants. In.Sulphur in 
enveronmental (Eds. J.O, Nriagu) pp. 109-162. John Wiley and 
Sons, New York. 
Lorenzini, G., Farina, R. and Guidi L. 1990. The effects of sulphur 
dixide on the parasitism of the rust fungus Uromyces viciae 
fabae on Viciafaba. Environ. Poll., 68 :1-14. 
Madhoolika, A., Madju, V., Agrawal, M. and Verma, M. 1997. 
Amelioration of sulphur dioxide phytotoxicity in wheat cultivars 
by modifying NPK nutrients. / . of Environ. Manage., 49: 
231-244. 
105 
Malhotra, S.S. 1977. Effect of aqueous sulphur dioxide on chlorophyll 
destruction in Pinus coronato. New PhytoU, 78 : 101-109. 
Manning, W.J., Feder, W.A. and Perkins, I. 1970. Ozone injury 
increases infection of geranium leaves by Botrytis cienerea. 
Phytopath., 60 : 669-670. 
Mark, L.T. 1963. Temperature inhibition of carotene synthesis in tomato. 
Bot. Gaz., 124 : 180-185. 
Martens D.C. and Beham B.R. 1976 Growth of plants in Fly ash amended 
soils, pp. 557-664. In Proceedings of Fourth International 
Symposium on Ash Utilization 24-25 March 1976 St. Louis, 
U.S.A. 
Matte, D.B. and Kene, D.R. 1996. Effect of fly ash application on yield 
performance of kharif and rabi crops. / . Soils and Crops, 2 : 
133-136. 
Mayer, R. 1981. Naturliche and anthropogene Kom ponenten des 
schwermetallhaushalts Von Waldokosystemen. Gottinger 
Bendenkdt. Ber., 71 : 1-292. 
McLeod, A.R. 1988. Effects of open air fumigation with sulphur dioxide 
on the occurrence of fungal pathogens in winter cereals. 
Phytopath., 78 : 88-94. 
Mejstrik, V. 1980. The influence of low SO2 concentrations of growth 
reduction of Nicotiana tabacum L. cv. Samsum and Cucumis 
sativus L. cv. Unikat. Environ. Poll., 21 : 13-16. 
Mishra, L.C, 1980. Effects of sulphur dioxide fumigation on groundnut 
Arachis hypogaea L. Environ. Exp. Bot., 20 : 397-400. 
MoUiner, A.M. and street, J.J. 1982. Effect of fly ash and lime on 
growth and composite of corn on acid sandy soils. In Proc.of 
Soil Crop Sci. Soc, 41 : 217-220. 
106 
Mudd. J.B. and Kozlowski, T.E. 1975. Responses of plants to Air 
Pollution, p. 383, Academic Press, New York. 
Murray, F. 1984 The accumulation of plants of emissions from a coal 
fired power plant,/Ifmos. Environ., 18 : 1705-1709. 
Murray, F. and Wilson, S. 1991. The effect of SO2 on the final growth of 
Medicago trucatula. Environ, and Expri. Bot., 31 : 319-325. 
Neergaard, P. 1977. Disease and injuries of seeds. In seed Pathology, 
(Neergaard, P., Ed.), 1, p. 839, Macmillan Press Ltd., London. 
Nieboer, £., Richardson, D.H.S., Puckett, K.J. and Tomassini, F.O. 
1976. Phytotoxicity of sulphur dioxide in relation to measurable 
response in lichens. In: Effects of Air Pollutants on Plants (Ed. 
T.A., Mansfield), pp. 61-86. Cambridge Press, Cambridge. 
Nelson, D.W. and Sommers, L.F. 1972. A simple digestion procedure for 
estimation of total nitrogen in soils and sediments. / . Environ. 
Qual., 1 : 423-425. 
Neufeld R.D. and Hermann R. 1975 Heavy metal removal by acclimated 
activated sludge. / . of Water Poll. Cont. Fed., 47 : 310-329. 
Padhi, S.K., Rath, S. and Kar, M. 1995. Response of Calendula to sulphur 
dioxide fumigation, Orissa J. ofHortL, 23 : 119-122. 
Page, A.L, Elseevi, A.A and Straughan, I.R. 1979. Physical and chemical 
properties of fly ash from coal-fired power plants with reference 
to environmental impacts. Residue Rev., 71 : 83. 
Page, A.L. Miller, R.H. and Keeny, D.R. 1983. Soluble ions, pp 167-
178. In J.D. Rhoads (ed.) Method of soil analysis. Monograph. 
Madison U.S.A. American Society of Agronomy. 
Pandey, V., Misra, J., Singh, S.N., Singh, N., Yunus, M. and Ahmad K.J. 
1994. Growth responses of Helianthus annuus. L grown on fly 
ash amended soil. / . of Environ. Biol., 15 : 117-125. 
107 
Pasha, M.J. 1991. Studies on interaction of some air pollutants, 
Sphaerotheca fuliginea and Meloidogyne javanica on 
Cucumber, Ph.D. Thesis, Aligarh Muslim University, Aligarh, 
India. 
Patil, C.V., Math, K.K., Bulbule, A.V., Prakash, S.S. and Yeledhalli, 
N.A. 1996. Effect of fly ash on soil crust strength and crop 
yield. /. Maharashtra Agric. Univ., 21 : 9-11. 
Patterson, G.D. 1958. Colorimetric determination of non-metals. Inter 
Sc. Publ. Inc., New York. 261-308. 
Pawar, K. and Dubey, P.S. 1982. Effects of air pollutants on 
photosynthetic pigments of Ipomoea fistula and Phoenix 
sylvestris. All India Seminar on Air Pollution Control^ Indore, 
April, 4, 19-21. 
Pell, E.J. 1979. How air pollutants induce disease. In:Plant Disease-an 
Advanced treaties, (Eds. J.G. Horsfall and E. B. Cowling), 6, pp. 
273-292. Academic Press, New York. 
Pierre, M. and Quieroz, O. 1982, Nodulation by leaf age and SOj 
concentration of the en2ymatic response to subnecrotic SOj 
pollution. Environ. Poll., 28 : 209-217. 
Plank, CD., Martens D.C. and Hallock, D.L. 1975. Effect of soil 
application of fly ash on chemical composition and yield of com 
{Zea mays L.) and on chemical composition of displaced soil 
solutions. Plant & Soil. 42 : 465-476. 
Prakash, G., Tomer, Y.S., Sharma, T.K., Gupta, V. and Prakash G. 1997. 
Evaluation of Spinacia oleracea Linn var. Pusa All Green on 
exposure to sulphur dioxide. Adv. in Plant Sci. Res., 56 : 
159-169. 
108 
Rao, D.N. 1971. A study of the air pollution problem due to coal unloading 
in Varanasi, India. Proc. Int. Clean Air Congr. 2nd (Eds. H.M. 
England and W.T. Beert) pp. 270-273, Academic Press, New 
York. 
Rao, D.N. 1985. Plants and particulate pollutants. In : Air Pollution and 
Plants : A state of the Art Report (Eds. G.V. Subrahmanyam, D.N. 
Rao, C.K. Varshney and D.K. Biswas), pp. 10-45. Ministry of 
Environment and Forest Dept. of Environment, Govt, of India, 
New Delhi. 
Rao, D.N. and Le Blanc, F. 1966. Effect of sulphur dioxide on the Lichen 
algae with special reference to chlorophyll. Bryologist. 69: 
69-72. 
Rao, M.N. and Rao, H.V.N. 1998. Air Pollution. Tata McGraw Hill 
Publishing Company Limited, New Delhi. 
Rath S., Padhi, S.K., Kar, M. and Ghosh, P.K. 1995. Response of Zinnia 
to sulphur dioxide exposure. / . of Orna. Hort. 2: 42-45. 
Rist, D.L. and Lorbeer, J.W. 1984. Moderate dosage of O3 enhance 
infection of onion leaves of Botrytis cinerea but not by B. 
squamosa. Phytopath.^ 74: 761-763. 
Rohrman, F.A. 1971. Analyzing the effect of fly ash on water pollution. 
Power, 115: 76-77. 
Rovira, A.D. and Davey, C.B. 1974. In : The plant root and its 
environment (Ed. E.W. Carson) pp. 153-204 The University 
Press of Virginia, Charlottesvile. 
Sahu, V. and Dwivedi, S.K. 1999. Effect of fly ash on seed germination, 
plant growth and chlorophyll content of two crops of economic 
importance. Acta Bot. Ind., 27 : 145-149. 
109 
Sarangi, P., Mishra, K. and Pandey, C. 1998. Soil metabolic activities 
and yield in groundnut, ladies finger and radish in fly ash 
amended soil. Res. J. ofChem. Environ. 2 : 7-14. 
Sardi, K. 1981. Changes in the soluble protein content of soybean Glycine 
max L.and pea Pisum sativum L. under continuous SOj and root 
pollution. Environ. Pollut., 25: 181-186. 
Saunders, P.J.W. 1966. The toxicity of sulphur dioxide to Diplocarpon 
rosae Wolf causing blackspot of roses. Ann. Appl. Biol., 58: 
103-114. 
Saunders, P.J.W. 1970. Air pollution in relation to lichens and fungi. 
LichenoL, 4: 337-349. 
Sawyer, T., Bandiera, S., Safe, S., Hutzinger, O. and Olie, K. 1983. 
Bioanalysis of polychlorinated dibenzofuran and dibenzo-p-
dioxime mixture in fly ash. Chemos., 12: 529-536. 
Saxe, H. 1983a. Long term effects of low levels of SOj on bean plants 
(Phaseolus vulgaris).!. Immission response pattern of net 
photosynthesis and transpiration during life long continuous 
measurements. Physiol. Plant, 57: 101-107. 
Saxe, H. 1983b. Long term effects of low levels of SOj on bean plants 
{Phaseolus vulgaris) II. Immission response effects on biomass 
production quantity and quality. Physiol. Plant., 57: 108-113. 
Saxena, M., Asokan, P., Srimanth, S., Chauhan, A. and Mandal, S. 
1998. Influence of fly ash on vegetation. /. of Environ. Studies 
and Policy, 1 : 55-60. 
Scheffer, T.C. and Hedgcock, G.C. 1955. Injury to north western forest 
trees by sulphur dioxide from smelters. U.S.D.A. Tech. Bull. No. 
1117,49 pp. 
no 
Schqenbeck, H. 1960. Beobachiunzen zur frage des Einflusses von 
industriellen immissionen auf die Krankheits bereitschaft der 
psienze Ber, Landesansi. Bodenn-utzunesschutz, 1: 89-98. 
ScottU I.A., Carini, F.L. and Sllva, S. 1996. Effect of fly ash application 
on the yield production and chemical composition of chichory. 
Agro Chintica, 40 : 293-303. 
Shafer, S.R., Bruck, R.l. and ilcagle, A.S, 1985. Influence of acidic rain 
on Phyiophthora cinnamomi and Phytopathora root rot of blue 
lupine. Phytopath., 75: 996-1003. 
Shane, B.S., Littman, C.B., Essick, L.A., Gutenmann, W.H., Doss, G.J. 
and Lisk, D.J. 1988. Uptake of selenium and mutagens by 
vegetables grown in fly ash containing greenhouse media. /. 
Agric, Food Chem., 36: 328-333. 
Sharma, B.M., Aggarwal, R.K. and Kumar, P. 1990. Water retention and 
nutrient availability in a fly ash amended desert sandy soil : A 
study in vitro. Arid Soil Res. Rehab., 4: 53-58. 
Sharma, T.K. and Prakash, G. 1991. Effects of SOj on Lycopersicon 
esculenttim. J. Ind. Bot. Soc. 70 : 201-205. 
Sharp, E.L. 1967. Atmospheric ions and germination of Uredospores of 
Piwcinia striiformis. Science, 156: 1359-60. 
Siddiqui, S. and Khan, M.W. 1999. Effect of sulphur dioxide and ozone 
on spore germination of four pathogenic fungi. Ind. Phytopath. 
52 : 118-120. 
Siddiqui, S., Singh, L.P. and Khan, M.W. 2000. Influence of fly ash on 
the growth and yield of Mustard plants {Brassica juncea Czern 
& Coss) J. Chem. Environ. Res. 9 (in press). 
I l l 
Sikka, R., Kansal, B.D., Beri, V. Choudhary, M.R., Sidhu, P.S., 
Pashricha, N.S. and Bajwa, N.S. 1992. Potential use of fly ash 
as a source of plant nutrient. Proceedings of the International 
Symposium on Nutrient Management for Sustained Productivity, 
2: 136-137. 
Singh, K. 1993. Impact assessment of root-knot nematodes on air 
pollution stressed plants. Ph.D. Thesis, A.M.U., Aligarh, India. 
Singh, L. and Singh, B. 1990. Phytotoxic influence of SOj pollution on 
leaf growth of Vigna mungo. J. Environ. BioL, 11: 111-120. 
Singh, N. and Yunus, M. 2000. Environmental Impacts of Fly ash. In : 
"Environmental Hazards : Plants and People", (Iqbal, M., 
Srivastava, PK. and Siddiqui, T.O. Eds.), pp. 60-79, C.B.S. 
Publishers, New Delhi. 
Singh, N., Singh, S.N., Yunus, M. and Ahmad, K.J. 1994. Growth 
response and element accumulation in Beta vulgaris L. raised in 
fly ash amended soils. Ecotox., 3: 287-298. 
Singh, R. 1989. Foliar response of Polyalthia longifolia to SOj 
pollution, ^c/a fiof. Ind., 17: 140-142. 
Singh, S.K. 1989. Studies on interaction of air pollutants and root-knot 
nematodes on some pulse crops. Ph.D. Thesis Aligarh Muslim 
University, Aligarh. 
Soldatini, G.F. and Ziegler, I. 1979. Introduction of glycolate oxidase by 
SOj in Nicotiana tabacum. Phytochem., 18: 21-22. 
Skye, E. 1968. Lichens and air pollution. Acta Phytogeogr, Suec. 52: 
1-123. 
Spence, R.D., Rykiel Jr., E.J. and Sharpe, P.J.H. 1990. Assessment with 
carbon-II labeling. Environ. Poll, 64: 93-106. 
112 
Sprugel, D.G., Miller, J.E., Smith, H.J. and Xerikos, P.B. 1980. SOj 
effects on yield and seed quality in field grown soybean. 
Phytopath. 70: 1126-1133. 
Srivastava, K., Farooqui, A., Kulshreshtha, K. and Ahmad, K.J. 1995. 
Effect of fly ash amended soil on growth of Lacluca saliva L. / . 
of Environ. Biol., 16 : 93-96. 
Sugawe, G.T., Quadri, S.J. and Dhoble, M.V. 1997. Response of 
sunflower to the Graded levels of fertilizers and fly ash. / . 
Maharashtra Agric. Univ., 22 : 318-319. 
Takomoto, B.K. and Noble, R.D. 1982. The effects of short term SOj 
fumigaiton on photosynthesis and respiration in soybean. 
Environ. Poll., 28: 67-74. 
Tanaka, K., Totsuko, T. and Kondo, N. 1982. Precipitation of H2O2 in the 
inactivation of calvin cycle SH on enzyme SOj fumigated 
spinach leaves. Plant and Cell Physiol., 23: 1009-1018. 
Taylor, O.C., Thompson, C.R., Tingey, D.T. and Reinert, R.A. 1975. 
Oxides of nitrogen. In : "Responses of Plants to Air Pollution" 
(Mudd, J.B. and Kozlawski, T.T,, Eds.), pp. 122-140, Academic 
Press, New York. 
Temple, P.J., Fa, C.H. and Taylor, O.C. 1985. Effects of SOj on stomatal 
conductance and growth of Phaseolus vulgaris. Environ. Poll., 
37: 267-279. 
Thomas, M.D. 1951. Gaseous damage to plants. Ann. Rev. Plant Physiol. 
2: 293-322. 
Thomas, M.D., Hendricks, R.H., Bryner, L.C. and Hill, G.R. 1944. A 
study of the sulphur metabolism of wheat, barley and com using 
radioactive sulphur. Plant Physiol., 19: 227-244. 
113 
Thomas, M.D., Hendricks, R.H., Collier, T.K. and Hill, G.R. 1943. The 
utilizaiton of sulphate and SOj for the nutrition of alfalfa. Plant 
Physiol., 18: 345-371. 
Tiedemann, A.V. 1992. Ozone effects on fungal leaf diseases of wheat in 
relation to epidemiology. 1. Necrotrophic pathogens. J. 
Phytopath., 134: 177-186. 
Tingey, D.T., Wilhour, R.G. and Standley, C. 1976. The effect of 
chronic ozone exposures on the metabolite content of ponderosa 
pine seedlings. Forest ScL, 22: 234-241. 
Tomer, Y.S., Gupta, V. and Prakash, G. 1993. Assessment of growth, 
yield and biochemical components in Abelmoschus esculentits 
Moench cv. on exposure with SOj. / . of Ind. Bot. Soc, 72: 
119-126. 
Tomm, CO. and Cowling, E.B. 1976. Acid precipitation and forest 
vegetation, in Proc. 1st Int. Symp. Acid Precipitation and the 
Forest Ecosystem (Eds. L.S. Dochinger and T.A. Seliga). U.S. 
Department of Agriculture, North-eastern Experiment Station, 
Upper Darby, p. 845. 
Treshow, M. 1970. Environment and Plant Response. McGraw Hill Book 
Company, 422 pp. 
Tripathy, A. and Sahu, R.K. 1997. Effect of coal fly ash on growth and 
yield of wheat. / . of Environ. Biol., 18: 2, 131-135. 
Unsworth, M.H., Biscoe, P.V. and Pinckney, H.R. 1972. Stomatal 
responses to sulphur dioxide. Nature^ 239 : 458-459. 
Varshney, C.K. 1985. Pollen bioassay for air quality monitoring. Symp. 
Biomon. State. Environ., INS A, New Delhi, p. 225-231. 
Varshney, C.K. and Garg, J.K. 1979. Plant responses to sulphur dioxide 
pollution. In : Critical Reviews in Environmental Control. CRC 
Press, Boca Raton, FL, U.S.A., pp. 27-49. 
114 
Walkley, A. and Black, I.A. 1934. An examination of the Degtjareff 
method for determining soil organic matter and a proposed 
modification of the chronic acid titration method. Soil Sci., 37: 
29-38. 
Wedge, A. and Hutton, M. 1987. The leachability and chemical speciation 
of selected trace elements in fly ash from coal combustion and 
refuse incinerators. Environ. Poll., 48: 85-99. 
Wellburn A. 1988. Air pollution and Acid rain : The biological impact. 
Longman Scientific and Technical Harlow. 
Weinstein, L.H. and McCune, D.C. 1970. Effects of fluorides on 
vegetation. In : Impact of Air Pollution on Vegetation (Eds. S.N. 
Linzon), pp. 81-86. Pittsburgh, Pennsylvania : Air Pollution 
Control Association. 
Weinstein, L.H., McCune, D.C, Alulsio, A.L. and Van Leu Ken, P. 
1975. The effect of sulphur dioxide on the incidence and severity 
of bean rust and early blight of tomato. Environ. Poll., 9: 
145-155. 
West, P.W. and Gaeke, G.C. 1956. Fixation of sulphur dioxide as 
sulfitomercurate II and subsequent colorimetric estimation. 
Ann. Ghent., 2S: 1816-1819. 
Whitemore, M.E. and Mansfleld, T.A. 1983. Effect of long term 
exposure to SOj and NOj on Poa pratense and other grasses. 
Environ. Pollut., 31:217-235. 
Wiedensaul, T.C. and Darling, S.L. 1979. Effect of ozone and sulphur 
dioxide on the host pathogen relationship of scotch pine, 
Scirrhia acicola. Phytopath., 69: 939-941. 
Welters, J.H.B. and Martens, M.J.M. 1987. Effects of air pollutants on 
pollen. TheBot. Review, 53: 372-414. 
115 
"Wong, M.H. and Wong, J.W.C. 1986. Effects of fly ash on soil microbial 
activity. Environ. Poll., 40 : 127-144. 
Wood, F.A. 1968. Source of plant pathogenic air pollutants. Phytopath. 
58: 1075-1084. 
Wyss, H.R. and Brunold, C. 1980. Regulation of adenosin 
5-phosphosulphate sulphotransferase by sulphur dioxide in 
primary leaves of beans {Phaseolus vulgaris). Physiol. Plant, 
50: 161-165. 
Zaidi, S.H., Amani, A.Z., Farooqui, M.H. and Ghouse, A.K.M. 1979. 
Leaf epidermal structure of Crolon bonplandianus Bail I in 
relation to air pollution. Proc. Symp. Environ. Biol. pp. 
239-242. Academy of Environmental Biology, India. 
